
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : //books . google . com/| 




r^^- 



Terrestrial magnetism 
and atmospheric electricity 

Louis Agricola Bauer, John Adam Fleming 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



TERRESTRIAL MAGNETISM 

AND 

ATMOSPHERIC ELECTRICITY 



Digitized by 



Google 



Digitized by 



Google 



TERRESTRIAL MAGNETISM 



AND 



ATMOSPHERIC ELECTRICITY 

AN INTERNATIONAL QUARTERLY JOURNAL 



Conducted by 
L. A. BAUER, 

Department Terrestrial Magnetism, Carnegie Institution 
of Washington, D. C. 

With the Assistance of 
J. S. AMES TH. MOUREAUX 

Johns Hopkins University ^ Baltimore Ohservatoire, Pare St. Maur 

J. ELSTER AND H. GEITEL H. F. REID 

Wolfenhiittel, Germany Johns Hopkins University, Baltimore 

R. L. PARIS ADOLF SCHMIDT 

Coa^t and Geodetic Survey, Washington Magnetisches Observatorium, Potsdam 

J. A. FLEMING R. F. STUPART 

Carnegie Institution of Washington Meteorological Service, Toronto 







Councilors 




A. 


W. RUCKER 


A. ANGOT 


M. RYKATCHEW 




England 


France 


Russia 


A. 


SCHUSTER 




R. S. WOODWARD 




England 




United States, N. A. 



VOLUME XIX 

MARCH — DECEMBER, 1914 



THE JOHNS HOPKINS PRESS 

Baltimore, Maryland 

1914 



Digitized by 



Google 



221692 



Digitized by 



Google 



CONTRIBUTORS OF ARTICLES AND REVIEWS 



J. p. AULT, 

L. A. Bauer, 
S. Chapman, 

G. VAN DiJK, 

R. L. Paris, 
J. A. Fleming, 
G. Hartnell, 
C. W. Hewlett, 
A. H. Palmer 
W. J. Peters, 
H. F. Reid, 
M. Rykatschew, 
Adolf Schmidt, 
l. g. schultz, 
W. F. G. Swann, 

A. Schuster, 
L. Steiner, 

O. H. Tittmann, 

B. Weinberg, 

A WiGAND, 



Washington, District of Columbia. 

Washington, District of Columbia. 

Greenwich, England. 

De Bilt (Utrecht), Holland. 

Washington, District of Columbia. 

Washington, District of Columbia. 

Cheltenham, Maryland. 

Washington, District of Columbia. 

Dubuque, Iowa. 

Washington, District of Columbia. 

Baltimore, Maryland. 

St. Petersburg, Russia. 

Potsdam, Germany. 

Pilar, Argentina. 

Washington, District of Columbia. 

Yeldall, Twyford, Berks, England. 

Budapesth, Hungary. 

Washington, District of Columbia. 

Tomsk, Siberia. 

Halle S., Germany. 



Digitized by 



Google 



TABLE OF CONTENTS 



MARCH. 1914 

Department of Terrestrial Magnetism, PI. I, II, III, IV 

Regarding Improvement of Appliances for Measurement of the Earth's Magnetic 

Elements by Magnetic and Electric Methods [Progress Report], L. A. Bauer, 1 

On a New Method for Determining the Earth's Horizontal Magnetic Forces, 

A, Schuster 19 
The Measurement of Atmospheric Conductivity, Together with Certain Remarks 

ON THE Theory of Atmospheric Radioactive Measurement, W, F. G. Swarm 23 
Magnetic Declinations and Chart Corrections Obtained by the Carnegie from 

Falmouth, England, to Greenport, Long Island, October to December, 

1913, L, A. Bauer and W. J. Peters 38 

The Moon's Influence on the Earth's Magnetism, - - - - 5. Chapman 39 
Notes: Personalia; Magnetic Re-survey of the British Isles; Proposed Meteorological 

Magnetic Conference at Edinburgh; Erratum, 44 

Preliminary Isogonic Chart of Northern Asia for 1909.5, - Boris Weinberg 45 

Principal Magnetic Storms Recorded at the Cheltenham Magnetic Observatory, 

July to December 31, 1913, O. H. Tiitmann 47 

Abstract: Kdhler's Luftelektrizitat, C. W. Hewlett, 48 

List of Recent Publications, 49 



JUNE, 1914 

Buildings and Site for Atmospheric-Electric Observations at Potsdam, Ger- 
many, Frontispiece Pl. V 

The Free and Forced Vibrations of a Suspended Magnet, Part I : Theory, H. F. Reid 57 

On THE " Non-Cyclic " Change, L, Steiner 73 

The Theory of Electrical Dispersion Into the Free Atmosphere, With a Dis- 
cussion OF THE Theory of the Gerdien Conductivity Apparatus, and of the 
Theory of a Collection of Radioactive Deposit by a Charged Conductor, 

W. F, G, Swann 81 

Measurements of the Electrical Conductivity in the Free Atmosphere up to 

9,000 Meters in Height, - - Albert Wigand 93 

Letter to Editor: Zur Untersuchung der Taeglichen Variation auf der Ganzen Erde, II, 

Adolf Schmidt 102 

Notes: Regarding Corrections of German Magnetic Declination-Charts; Magnetic Sur- 
vey of Egypt and Sudan; Royal Observatory of Belgium; Erratum; Personalia; 
Total Solar Eclipse, August 21, 1914, 103 

Abstract: Results of Magnetic Observations by the Charcot Antarctic Expedition, 

1903-05. A. H. Palmer, 104 

List of Recent Publications, 106 

Magnetic Results at Pilar, Argentina for 1913, - - - - L. (?. Schultz 112 

vi 



Digitized by 



Google 



TABLE OF CONTENTS vti 

SEPTEMBER, 1914 

The Local Magnetic Constant and Its Variations, - - - L. A. Bauer 113 

Magnetic Declinations and Chart Corrections Observed on the Carnegie from 
Long Island Sound to Hammerfest, Norway, June to July, 1914, 

L. A. Bauer and J, P. Ault 126 

The Atmospheric-Electric Observations Made on the Second Cruise of the 

Carnegie, Report by C. W. Hewlett 127 

On Certain New Atmospheric-Electric Instruments and Methods, W. F. G. Swann . 171 

Letters to Editor: Principal Magnetic Storms Recorded at the Cheltenham 
Magnetic Observatory, January-June, 1914, O. H. Tittmann; Magnetic Char- 
acter of the Year 1913, G, van Dijk 186 

Notes: Cruise of the Carnegie 1914; Hudson Bay Magnetic Expedition; Personalia, 188 

Recent Publications, 188 



DECEMBER, 1914 

The Free and Forced Vibrations of a Suspended Magnet (Concluded), H. F. Reid 189 

Magnetic Declinations and Chart Corrections Obtained by the Carnegie from 
Bahia, Brazil, to St. Helena, May 20 to June 22, 1913, 

L. A. Bauer and W. J. Peters 204 

On Certain Matters Relating to the Theory of Atmospheric-Electric Measure- 
ments, W. F,G. Swann 205 

Investigation of Certain Causes Responsible for Uncertainty in the Measure- 
ment OF Atmospheric Conductivity by the Gerdien Conductivity Apparatus, 

C. W. Hewlett 219 

Magnetic Declinations and Chart Corrections Obtained by the Carnegie from 
Hammerfest, Norway, to Reykjavik, Iceland, and Thence to Brooklyn, 
New York, July to October, 1914, - - - L. A. Bauer and J. P. Ault 234 

Letters to Editor: Principal Magnetic Storms Recorded at the Cheltenham Magnetic 
Observatory, July-September, 1914, O. H. Tittmann; Umbau an dem Schulze'schen 
D- Variometer des Observatoriums in Tsingtau, B. Meyermann, - . . - 236 

List of Recent Publications, 237 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



[Plate I.J 



55 
O 
H 
O 

X 
c/) 
< 



(Z4 

o 

o 

H 
H 
H 
2 



O 

U 

o 

:^ 

en 
H 

o 

< 

S 

H 
c/) 

o< 
P< 

H 
o 

H 

pes 
< 
Pk 

Q 



Digitized by 



Google 



Terrestrial MagnetisH^ 

and { 

Atmospheric ElectfMty 



•*:v 



Volume XIX MARCH, I914 Number*.' 



REGARDING IMPROVEMENT OF APPLIANCES FOR 
MEASUREMENT OF THE EARTH'S MAGNETIC 
ELEMENTS BY MAGNETIC AND 
ELECTRIC METHODS. 

By L. a. Bauer, 

Director, Department of Terrestrial Magnetism. 

[Progress Report.] 

On April 1, 1914, the Department of Terrestrial Magnetism of 
the Carnegie Institution of Washington enters upon the eleventh 
year of its existence, and in quarters specially designed for its 
various needs. In its new home (see Plate I), the requisite facil- 
ities are provided for coping, in as successful manner as possible, 
with the many problems of general physical interest, or of an 
experimental nature, continually arising in the course of such an 
undertaking as a general magnetic or an electric survey of the 
Earth. Here the attempt is made to supplement the existing 
agencies for observational research in cosmical and terrestrial 
physics by laboratory research. 

The work at present being conducted in the subjects of ter- 
restrial magnetism and atmospheric electricity, is mainly observa- 
tional: Either the magnetic or electric elements are determined 
at suitably distributed points over the Earth with the view of 
obtaining, as accurately as possible, a knowledge of its general 
magnetic or electric condition (magnetic or electric surveys), or at 
a considerably smaller number of points are registered the v^aria- 
tions to which the magnetic and electric elements are subject with 
time and with varying planetary and solar conditions (observa- 
tories). There are thus magnetic and electric surveys, and mag- 
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netic and elec^ic •observatories; but hitherto there has been no 
laboratory fqi'-yre specific purpose of broad physical research in 
problems jA common interest to observational and experimental 
work, iir bri^f , the same kind of happy combination of laboratory 
and ob^'eri^tional facilities as has already proved successful in 
other Sciences, as in astrophysics, for example. 

"With these aims in view there has been recently provided by 
/•jfeti Trustees of the Carnegie Institution of Washington the follow- 
.''^/Wg permanent facilities for the proposed investigational work at 
.,/ Washington of its Department of Terrestrial Magnetism, in ac- 
cordance with the plans submitted by the Director. 

(a) A site of somewhat over seven acres, admirably located 
amidst rural surroundings, in the District of Columbia, in close 
proximity to the extensive National Rock Creek Park, and suffi- 
ciently removed from industrial disturbing influences. (See Plate IV.) 

(b) A fire-proof building, solidly built of reinforced concrete and 
brick construction, to contain the Director's headquarters and work- 
ing rooms for the staff, library and archives, physical laboratory, 
instrument shop, testing rooms, and certain observational facilities. 
This main building consists of a sub-basement, a basement, two 
floors, a spacious and well-lighted attic, and a specially con- 
structed roof with observation-deck. It is 102 feet long, 52 feet 
wide, 49 feet from the ground to the ro9f, and 62 feet from the 
foundations of the sub-basement to the roof. Its erection was 
begun in May, 1913, and it was completed on February 14, 1914. 
(See Plates II and III.) 

(c) A non-magnetic building or observatory to be erected during 
1914, in order to provide the necessary facilities for tests and re- 
searches requiring a non-magnetic structure. This observatory 
will be sufficiently removed from the main building so as to be 
practically beyond its disturbing influence. 

(d) Two or three smaller or accessory buildings for special 
investigations in atmospheric electricity and allied subjects. It 
is estimated that, with the initial equipment, the total cost of 
a, b, c, and d will be about $125,000. 

Thus by the end of 1914, the Department of Terrestrial Mag- 
netism will enjoy exceptional facilities for its varied work, both in 
the field and in the laboratory, in magnetism, electricity, and, to 
a certain extent, also in gravity. These three broad subjects ap- 
pear more or less inter-related, and it is exceedingly difficult, even 
if that were desirable or worth while, to draw sharp lines of de- 
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MEASUREMENT OF THE MAGNETIC ELEMENTS 3 

marcation between them, or between distinctive laboratory prob- 
lems and those of Nature at large. 

One of the first problems for effective, joint research, in the 
la,boratory and in the field, is that of improvement of the appliances 
and methods for the observational work. The instruments for 
magnetic measurements, employing distinctively magnetic methods, 
as will be seen later, have now reached the requisite stage of per- 
fection for meeting the practical requirements, both on land and 
at sea. However, the desire is to devise and try out new methods, 
as, for example, those based on electrodynamic or electric piin- 
ciples, with a two-fold object in view: (1) To obtain more expedi- 
tiously, than is possible with the type of magnetometer now in 
general use, a magnetic measurement within the relative accuiacy 
required for a successful study of the magnetic variations. (2) To 
obtain another contiol, by means of a distinctively different method, 
on the absolute accuracy of the present magnetic standards. 

The instruments and methods at present used in the measure- 
ment of the elements of atmospheric electricity, while certainly 
better than those of five and ten years ago, still require considerable 
improvement and modification before the data obtained will be 
above the suspicion that they represent in part at least, if not 
wholly, purely instrumental facts. Here again laboratory studies 
must be made first before the desired perfection may be reached. 
Similar remarks apply to instruments and methods for the investi- 
gation of earth-electric currents. So likewise the instruments for 
the study of the magnetic variations, especially of the vertical 
component, are susceptible of still further improvement. 

The present report summarizes what has been done thus far 
with respect to improvement of the appliances and methods for 
the measurement of the terrestrial magnetic elements and what is 
still further to be undertaken. Subsequent reports will deal simi- 
larly with improvements and studies in the other lines of activity 
of the Department. 

Magnetic Methods for Measurement of the Direction and 
Intensity of the Earth's Magnetic Field. 

Any one who will familiarize himself with the progress of the 
instrumental means for terrestrial-magnetic measurements, made 
chiefly by those actively engaged in such work, must concede that 
there has been most gratifying advance since the days of Gauss. 
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The progress made by magneticians in this respect has been both 
of a theoretical and of a practical nature. Not only has the abso- 
lute accuracy of magnetic measurements been steadily increased » 
but the methods of determining the constants have also been 
improved and simplified, and, above all, the dimensions and weight 
of the instrumental apparatus and of its various parts have been 
very considerably reduced. It is a truly instructive exhibit to 
place side by side a modern magnotemeter and one of the original 
Gauss- Weber pattern. 

Nevertheless, one still finds in use, or proposed, types of mag- 
netometers unnecessarily massive and complicated in construction. 
As the result of 18 years* experience with practically every style 
of modern instrument, I have had forcibly impressed upon me the 
fact that accuracy of the quantity measured is not to be gauged 
by size of the instrument, and that simplicity of construction and 
avoidance of super-abundance of metal, especially near the sus- 
pended magnet, are the first requisites for successful work. Nearly 
every style of magnetometer or dip circle having a metal house 
(supposedly non-magnetic) in which the exploring magnet swings 
or is mounted, hcis given trouble and outstanding errors are re- 
vealed, the precise cause of which, in spite of painstaking researches, 
cannot always be readily ascertained. 

Magneticians owe much to Heinrich Wild, especially while he 
was in charge of the Russian magnetic and meteorological observa- 
tories, but practically all of his designs for magnetic instruments 
possessed the faults of complication, super-abundance of metal, 
and unnecessary size and weight. Perhaps the limit reached in 
this respect was the latest type of the Wild observatory-magnetom- 
eter, as constructed by Edelmann, of Munich. This instrument 
was designed by Wild with the utmost care and excessive precau- 
tions were observed, yet the performance of three instruments of 
this type, known to me, has been of such an unsatisfactory char- 
acter that the instrument can be advantageously replaced by 
smaller and less complicated designs, giving the absolute accuracy 
striven for by Wild, but not actually reached with his instrument, 
for the reasons given. 

An unfortunate experience had with a very portable type of 
field instrument, namely, that of Mascart, as used in the magnetic 
survey of France, may be of interest. Both in the magnetometer 
and in the dip circle the magnet houses are of supposedly non- 
magnetic brass. Although ordinary tests will fail to reveal magnetic 



Digitized by 



Google 



MEASUREMENT OF THE MAGNETIC ELEMENTS 5 

impurities, nevertheless these instruments required the largest cor- 
rections of any in my experience. For example, the correction to 
the observed dip varied from |° to 5^0° from Porto Rico to Alaska, 
and the correction to the horizontal intensity determination was 
6 to 7 parts in 1000. Others are known to have had similar experi- 
ences with these instruments as supplied by the modern maker, 
although the instruments made by the original maker and used by 
Moureaux do not appear to possess such faults. The suspended 
magnet in both the magnetometer and the dip circle comes close 
to the metal parts. 

The form of dip circle in general use in ocean work has a brass 
house in which the dip needle is mounted, and here again puzzling, 
outstanding errors are found. In spite of the utmost care shown 
by Dover in the construction of the well-known Lloyd-Creak dip 
circles, practically in every instance the dip as measured with this 
form of instrument, and as compared with earth inductors and 
good land dip-circles, is 0^.1 to 0^.2 too high, and sometimes (de- 
pendent upon the dip) even more. 

The Department of Terrestrial Magnetism in its various de- 
signs of magnetic instruments has had to consider especially the 
demand and requirements of field work, on land and at sea, in all 
parts of the Earth, and has been obliged to face and overcome 
difficulties not immediately apparent to an outsider or to one not 
himself actively engaged in magnetic work. Judging from the 
experiences since the observational work began, 9 years ago, the 
instruments have met satisfactorily all the varied requirements of 
difficult field work. Furthermore, the numerous comparisons 
made with these same instruments from time to time at observa- 
tories in all parts of the Earth and between observers in the field 
have demonstrated that, with proper care, the constancy of the 
instrumental constants can be preserved, even during strenuous 
field campaigns, well within the practical requirements. Even 
with these field types of instruments, it has been shown that the 
adopted Department standard can be reproduced, in horizontal 
intensity, for example, to about one part in 10,000. 

Thus the corrections of the large Wild-Edelmann magnetometer 
used at the Cheltenham Magnetic Observatory of the United 
States Coast and Geodetic Survey, 16 miles southeast of the city 
of Washington, on our present standard, have been found as given 
below. (C. I. W. stands for Carnegie Institution of Washington 
and Cm. for Cheltenham.) 
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Table 1. Comparisons at Cheltenham Magnetic Observatory. 



No. 


Date 


T^«^i:«^«^:^« ' Horizontal 
Declination ; i„,ensity 


Dept. Ter. Mag. 


Remarks 




No. 
Sets 


Corr'n'|;°;|C.I.W..Cm. 


C.I.W. 
Mag'r 


ObsV 




I 

II 
III 
IV 


1908, Feb. 5-8 
1908, Mar. 24-27 
1910, Apr. 5-6 
1913, Nov. 16-23 


13 

8 

12 

23 

Mean 


/ 

+0.3 
+0.1 
+0.2 
+0.4 


7 
10 

6 
11 


- 0.00092 H 
093H 
072H 
084H 


x\o. 5 J. C. P. 
No. 7 H.W.F. 
No. 5 J. C. P. 
No.3jH.M.E. 


Prior field work 

After " 
C.I.W. standard 




+0.25 


-0.00085H> 









Since the average value of H at Cheltenham during the period 
1908-1913, was about 0.198 C. G. S., the correction was determined 
at any one time within one part in 10,000, or within 2y or 2 units 
in the fifth decimal C. G. S. Between I and III, C. I. VV. magnet- 
ometer No. 5, with which the Cheltenham instrument was com- 
pared, was used in a two-year field campaign in Persia and Asia 
Minor, involving hard and hazardous travel. Unfortunately, 
after the observer's return to Washington and just before pro- 
ceeding to Cheltenham, his instrument, because of an accident, 
had to undergo some repairs, involving straightening of the deflec- 
tion bar; this may account possibly for the comparatively low 
value — 0.0007 2if. This very same instrument. No. 5, was also 
compared at Kew before and after field work, with the following 
results: 

Table 2. Comparisons at Kew Observatory, 



Date 


Declination 


Horizontal 
Intensity 


Dept. Terr. Mag. 


Remarks 




No. 

Sets 


Corr'n 


No. 
Sets 


C.I.W.-Kew 


C.I.W. 
Mag'r 


Obs'r 




1908, Mar. 10-17 
1910, Mar. 8-12 


15 

14 

Mean 


-fO.57 
-fO.76 


6 

6;i 


-h0.000070H 
76H 


No. 5 
No. 5 


J. C. P. 
J. C. P. 


Before field work 
After " " 




-fO.66 


+0.00OO73H 





Here the results from the two comparisons, once before, next 
after a most severe field campaign, differ from the mean only OM 
in declination, and in horizontal intensity 0.000003H or O.O67. 
Observatory directors who believe it necessary with their fixed 

• The large correction of the Cheltenham instrument is chiefly due to erroneous value of 
computed moment of inertia of long magnet. 
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Fig. 1. (Upper one): Transverse Sectional View. 
Fig. 2. (Lower one): Instrument Shop, Basement. 

Department of Terrestrial Magnetism. 
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MEASUREMENT OF THE MAGNETIC ELEMENTS 7 

instruments to use different values of the distribution coefficients, 
P or Q, for each year, and thus introduce at times surprising dis- 
continuities in their series, will be interested to know that it has 
been our experience that mean values of these coefficients can be 
used with success, even for such strenuous field work as that cited. 

The type of instrument, Nos. 3, 5, and 7, as used above, com- 
bines the best features of the Coast and Geodetic Survey pattern 
and that of the Magnetic Survey of India. It is of American manu- 
facture, in accordance with our specifications, and will be found 
illustiated on Plate 3, Figure 1, **Land Magnetic Observations, 
1905-1910*' (Publication No. 175 of the Carnegie Institution of 
Washington) and described on page 3 as Type 1 (a). The diameter 
of the horizontal circle is about 5 inches (12.5 cm.) and the total 
weight of instrument, inclusive of theodolite attachment and pack- 
ing case, is about 48 pounds (22 kilos). No 3 is the selected D 
and H standard of the Department. As the result of comparisons 
made, 1905-1910, with about sixteen magnetometers of diflferent 
design and construction, the constants. of which were all inde- 
pendently determined, the corrections of No. 3 on the mean of all 
were, for declination O'.O and for horizontal intensity +0.0001SH; 
these corrections have been applied to the results of the compari- 
sons as given in the preceding two tables. 

Since then the Department has designed a still lighter type of 
about half the weight of No. 3 (Type 1 b, Plate 3, Figure 2, /. c), 
of which 6 have been constructed to date in our own workshop. 
Furthermore, a still more portable type for special exploring ex- 
peditions, e. g.j canoe expeditions, has been devised and con- 
structed by the Department. This instrument is a universal one, 
and is a theodolite, magnetometer, and dip circle combined, and 
with it the geographic position and azimuth can be determined 
with requisite accuracy, the declination, the horizontal intensity 
(and the total, if desired), and the dip. Its total weight, without 
packing case is 7}4 kilos and, with packing case, 13 kilos (see J. A. 
Fleming's article. Journal Terrestrial Magnetism j v. 16, pp. 1-12). 
Both these light and compact types have been in extensive use in 
all parts of the Earth and have met all the requirements. 

The chief remaining difficulty is satisfactory dip observ^ations. 
Even the very best dip circles made by Dover, which, according 
to the tests at Kew or at Washington, may appear excellent in- 
struments, do not necessarily remain so in regions of low magnetic 
dip. Accordingly, in our latest instrument, there has been com- 
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bined with the magnetometer an earth-inductor (C/. article by 
J. A. Fleming and J. A. Widmer, Terrestrial Magnetism, vol. 18, 
1913, pp. 105-110). During the present year this instrument will 
be tested in the field. 

It should be carefully noted that in all our types of magnet- 
ometers, the magnet house is of wood. Furthermore, every one of 
our instruments is as nearly as possible an independent or absolute 
one, i. e., all the various constants can be absolutely determined. 

The results of the comparisons, 1910-1913, of 11 of our recent 
magnetometers with No. 3 would indicate that the latter may be 
more nearly standard for H if the correction above given be reduced. 
The same fact is indicated by our comparisons at Kew and Potsdam, 
at which two observatories the various instrumental constants 
have been exceptionally well determined. Applying no correction 
to No. 3, i. e., adopting the value of H as based upon the very 
carefully determined instrumental constants, we obtain the follow- 
ing results : 

Table 3. Corrections of C. I. W. Magnetometer No, 3 on Other Standards. 



No. 


Based on 


H Correction 
of C. I. W. 
No. 3 


I 


■ 

Mean of 16 magnetometers of the Coast and Geodetic 
Sur\'ey and of the Department of Terrestrial Magnet- 
ism, 1905-1909 


-I-0.00015H 


II 
Til 


Mean of 11 new magnetometers of the Department of 

Terrestrial Magnetism, 1910-1913, not used in I 

Kew magnetometer, 1908-1910 


-0.00008H 
-fO.OOOOSH 


IV 


Potsdam magnetometer, 1910 

Mean 


-0.00009H 




+0.00001SH 









It would seem safe to conclude that the H standards of Kew, 
Potsdam, and Washington (Department of Terrestrial Magnetism) 
give an absolute accuracy of H within one part in 10,000, except 
for some possible error, which may be inherent in the magnetometer- 
method, but not yet disclosed. 

If we adopt C. I. W. No. 3 directly as standard, the H correc- 
tions for 15 magnetic observatories over the whole Earth would 
be within 0.0003H, some being plus and some minus. For about 
8 the correction reaches O.OOIH and even more, but in most of 
these cases the constants used are old ones, determined, for ex- 
ample, at Kew many years ago, when the instrument was originally 
procured ; in other cases, the brass may not be pure or the instru- 
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ment is of the type with the inherent faults already mentioned. 
One of the chief sources of error lies in the determination of the 
moment of inertia of the magnet 

In brief, to reach an accuracy in the determination of the 
Earth's magnetic field intensity within 1 in 10,000 by magnetic 
methods requires great pains, but it can be done, if necessary, and 
with a comparatively simple type of magnetometer. For all field 
requirements, an absolute accuracy of 5 in 10,000 amply suffices, 
and this can readily be secured with a properly constructed in- 
strument. 

For observatory purposes, where the prime purpose is the 
study of the magnetic variations, it is a question chiefly of relative 
accuracy of the magnetometer employed. Recent comparisons 
between two skilled observers would indicate that their instru- 
mental difference as resulting from any one set of careful observa- 
tions extending over about an hour and a quarter need not differ 
from the mean of several days* observations by much more than 
about one in 10,000. The various investigations at the Potsdam 
Observatory would also seem to show that the relative accuracy 
of a single complete determination of H, requiring about an hour 
and a half, may be one part in 10,000 or less. If, then, further im- 
provement is sought in magnetic measures, it should be in the direc- 
tion of securing the desired degree of accuracy with less labor and 
in less time. 

Improvement of Field-Magnetometers. 

The chief direction in which the present field-magnetometers 
remain to be improved is the partial or total elimination of oscilla- 
tions. For the latter, a chronometer, or equivalent device, must 
be added to the outfit, and the transport of such a delicate piece 
of mechanism in comparatively unexplored regions, where travel 
is generally difficult and hazardous, is a continual source of worry 
to the observer. Chronometer makers are, in general, adverse to 
making half-second pocket chronometers, and the supply is far 
short of the demand, so that too often the clumsy box chronometer 
must be used instead. Wherever it is possible to guard against 
alteration of the constants of the magnets belonging to the instru- 
ment used, in transit between principal stations, it would seem 
best to make only deflection observations, as was successfully done, 
for example, in the magnetic survey of Germany, and as is also 
done in the ocean work aboard the Carnegie, The oscillations and 
deflections in such cases are only made at certain selected prin- 
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cipal points where the use of a chronometer can be had. But such 
a course is not possible on practically all of the expeditions sent 
out by the Department of Terrestrial Magnetism, where the ob- 
server may be six months and more before reaching a civilized 
place. 

It is only for obtaining with sufficient accuracy the time of 
vibration of the long magnet that a chronometer is necessary. 
For the astronomical work, the time can, in general, be carried 
better with the aid of first-class lever watches. Accordingly, our 
observers now frequently transport their box chronometers corked 
between observing stations, and do not set them going until arrival 
at station ; here the chronometer is then rated for the oscillation- 
work by means of the lever watches. 

Even at fixed stations, with every convenience at hand, it has 
been found that the oscillation-work is relatively less accurate 
than the deflection-work. See, for example, Kiihl's researches at 
the Potsdam Observatory. It would be well for those who wish 
to design improved magnetic instruments to bear this fact in mind, 
and to seek to eliminate or reduce the importance of the oscillation- 
experiment. 

Improvement in Ocean Magnetic Instruments. 

When the ocean work of the Department of Terrestrial Mag- 
netism was begun in 1905, it was necessary either to design en- 
tirely or to modify considerably existing devices. There have re- 
sulted thus the following new instruments designed, as well as 
chiefly constructed, by the Department: 

C. I. W. Deflector for determining the magnetic declination 
(D) and the horizontal intensity (H), designed by L. A. 
Bauer and J. A. Fleming; see Terr, Mag,, v. 11, 1906, pp. 
79-82; V. 14, 1909, pp. 167-168, and v. 18, 1913, pp. 57-62. . 

C. I. W. Modified L. C. Dip Circle for determining the mag- 
netic inclination and the total intensity, constructed by 
A. W. Dover according to specifications of L. A. Bauer; see 
Terr, Mag,, v. 11, 1906, pp. 77-78, and v. 14, 1909. pp. 
164-166. 

C. I. W. Marine Collimating Compass^ primarily for determin- 
ing D, but may also, if desired, be adapted to measuring H, 
designed by W. J. Peters; see Terr. Mag,, v. 14, 1909, pp. 
17-24. 
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C. I. W. Marine Earthinductor, designed by N. E. Dorsey and 
J. A. Fleming; see Terr, Mag., 1913, v. 18, pp. 1-48. 

With these instrumental devices, an accuracy in ocean mag- 
netic work has been secured which, under favorable conditions 
and devoting the same time as in land work, will not fall much 
short of the general accuracy of land field-work. This has been 
demonstrated by the check observations made at the intersections 
of the various tracks of the vessel, as well as by harbor observa- 
tions compared with those at surrounding land observations. (See 
e, g.. Terrestrial Magnetism, v. 15, 1910, pp. 129-142.) 

Electric Methods for Measurement of the Direction and 
Intensity of the Earth's Magnetic Field. 

Under this head appliances are included involving the applica- 
tion, in whatever form, of electric or electrodynamic principles to 
the measurement of the terrestrial magnetic elements. We shall 
consider first instruments designed to measure the direction of 
the Earth's lines of magnetic force. 

Electric Inclinometers and Declinometers. 

The first instrument of this class for determining the magnetic 
inclination was the Weber earthinductor (about 1837), however, it 
was not until the null method of Wild (1881) and Mascart (1883) was 
suggested and put in practical form that a really serviceable in- 
strument, exceeding in accuracy that of the dip circle, came into 
use. This latter type, as later improved by Eschenhagen, will be 
found now at many observatories. The C. I. W. marine earth- 
inductor, as also the inductor attachment of the latest pattern of 
C. I. W. magnetometer, as already described above, are also of 
this type, our modifications consisting chiefly of reduction in size 
and weight, thus securing greater portability, and in greater ease 
of manipulation. 

The null earthinductors almost invariably have proved suc- 
cessful. Comparisons made by the Department observers at 
various observatories show that the inductors of this class, if in 
good condition, generally agree with each other within less than 
half a minute. For an observatory, or wherever the inductor and 
galvanometer can be permanently mounted, the earthinductor has 
proved so superior to the dip circle that those who have once be- 
come accustomed to its use have no desire to return to the latter 
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instrument. In one-fourth of the time required with a dip circle, 
using two or four needles, the earthinductor yields dip results 5 to 
10 times more accurate. 

In field work, however, there is not much saving of labor over 
that with the dip circle, owing to the time required to set up the 
apparatus afresh at each station; the gain consists almost entirely 
in that of increeised accuracy. But limited use, therefore, has thus 
far been made of the inductor for field work. It has already been 
stated in the previous section that, with the view of ascertaining 
what further modifications, if any, are requisite, two of the De- 
partment observers will try out in the field during this year the 
combined C. I. W. magnetometer and earthinductor. 

One great disadvantage of the earthinductor, in its present 
form, lies in the fact that it is not readily adapted to ex-meridian 
observations, such as would be requisite when working in the 
vicinity of a magnetic pole. Or, if an observer elsewhere acci- 
dentally makes a mis-setting, there is no such simple formula, as 
in the case of the dip circle, for computing the true dip from the 
ex-meridian one. Only under certain conditions can ex-meridian 
observations with the earthinductor be utilized, as was shown in 
the investigation "On the theory of the earthinductor as an in- 
clinometer," made for the Department by N. E. Dorsey, and pub- 
lished in Terrestrial Magnetism^ v. 18, 1913, pp. 1-38. 

Tanakadate^ about 1883 proposed an electromagnetic decli- 
nometer, and the instrument, consisting of theodolite, coil, and 
magnetometer was built and used in the magnetic survey of Japan. 
He used the electric method only for getting the magnetic declina- 
tion, and did not also attempt determining thus the strength of 
the Earth's magnetic field, for the obvious reason that the theory 
and practice of electric-current measurements had not yet reached 
the necessary degree of perfection. 

Electrical Methods for Measurement of the Magnetic 
Field-Intensity. 

While an electrical method for the determination of the intensity 
of the Earth's magnetic field has doubtless been suggested re- 
peatedly, the first serious attempt to devise an electrical apparatus 
that could compete with a first-class magnetometer, in the de- 

> Proc. R. S. Edinburgh, v. 12, 1883-4. Measurement of the force of gravity and magnetic 
constants at Ogasawarajiraa (Bonin Island), Tokio. 1885, App. No. 5, Tokio University. Also 
Magnetic Survey of all Japan. Tokio, 1888, Jour. Coll. Science, Tokio, v. II, Pt. Ill, pp. 160-262. 
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Fig. 2. (Lower one): Director's Headquarters, etc.. Second Floor. 

Department of Terrestrial Magnetism. 
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MEASUREMENT OF THE MAGNETIC ELEMENTS 15 

termination of the horizontal intensity, H, was that of Watson^. 
He used a specially constructed sine galvanometer, and secured a 
result for H in good agreement with the Kew magnetometer. The 
Helmholtz arrangement of coils (diameter about 60 cms.) was 
adopted and, in view of the uncertainty in the value of the standard 
cell and of the standard resistance at that time (1901), the measure- 
ments of the current were made to depend finally upon the measure- 
ment of an amount of silver deposit in a voltameter. 

Watson, in designing his apparatus and arranging his method, 
aimed at an accuracy in J? of 1 or 2 parts in 10,000. Comparisons 
with the Kew magnetometer, made February 4-8, 1901, gave for 
the average difference (taking the mean of the two quantities given 
on p. 462, /. c), Watson — Kew, — 37. However, according to cer- 
tain corrections, as communicated by Chree in 1910, the Kew values 
prior to 1908 should be diminished by 67, hence, we actually have 
Watson — Kew = +37, or -t-0.00016J?. Since, according to Table 
2 we have for the standard of the Department, C. I. W. — Kew = 
-t-0.00007H, we finally get Watson -C. I. W. = -t-0.00009J?. 
Hence, as far as the evidence goes at present, Watson's meritorious 
attempt resulted in a value of H that was in agreement with stand- 
ard magnetometers to about 1 or 2 in 10,000. With none of the 
instruments proposed since, is there at present available a series, 
as extensive as Watson's, of comparisons with the magnetometer- 
method. 

Owing to the great strides in standard electrical measurements 
made since Watson's experiment, currents may now be measured 
and coils may now be constructed with such accuracy as to make 
possible for the first time a wholly successful competition with a 
first-class magnetometer. Those who may wonder why magnet- 
icians have not more readily as yet adopted electrical methods for 
their intensity-work may find their answer in the fact that these 
methods have really only now become practicable, and hence 
worthy of serious consideration. 

The requirements for measuring the intensity of the Earth's 
magnetic field by balancing it against that of a field produced by 
a current in some form of coil, common to the methods thus far 
proposed, are: 

(1) Accurate knowledge of the current; 

(2) Accurate knowledge of the essential dimensions of the coil, 

• Watson, W.: A determination of the value of the Earth's magnetic field in international 
units, Phil. Trans. R. S., Ser. A, v. 198. pp. 431-462, London, 1902. 
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and the choice of a coil of such a form that the field at its center 
and the variation of the field over small distances is capable of 
being accurately calculated. 

When the coil is properly chosen, it would appear that the field 
due to it can be determined to a degree of accuracy surpassing that 
usually required for the determination of Jf, or at any rate sur- 
passing that obtained in the same time, by the magnetic method 
of measuiing the field. The constant of the coil is, in a properly 
constructed one, capable of being known at least within two or 
three parts in 10^, and, with the modern refinements, a correspond- 
ing accuracy in the current measurements seems readily possible. 
The accuracy of the current measurements, as far as the observer 
is concerned, is thrown on to the accurate knowledge of a standard 
resistance, and of the E. M. F. of a standard cell. 

The proposed methods, by which the field due to the coil is 
compared with that of the Earth, fall into two classes: 

(1) Methods involving the measurement of a deflection, the 
coil being used in fact as a galvanometer. 

(2) Methods in which the field due to the coil is compared 
with the Earth's field by balancing it directly against that field, 
the comparison being made by some appropriate method. 

In the first of these classes belongs Watson's method, already 
referred to above, the principle employed being, as has been said, 
that of the sine galvanometer. In 1912, I assigned the problem of 
measurement of the Earth's magnetic field by electrical methods 
to Dr. N. E. Dorsey, while he was connected with the Department 
as Research Associate. As the result of his study and his extensive 
experience in electrical measurements in the United States Bureau 
of Standards, he likewise finally chose, as did Watson, the absolute 
sine galvanometer for measuring H, the horizontal intensity. 
Dorsey preferred, however, the simple coil instead of the Helmholtz 
arrangement and, of course, proposed measuring the current ac- 
cording to the most approved present-day methods. He made a 
thorough investigation of the theory of the instrument, examined 
into the various possible sources of error, and reached the conclu- 
sion that an absolute accuracy of 1 in 10,000 could be attained. 
Since all the instrumental correction-terms, and the accuracy with 
which the needle must be centered decrease as the radius of the 
coil is increased, other things remaining the same, a large coil is to 
be preferred to a small one. On the other hand, the larger coil will 
require a heavier mounting, thus increasing the difficulty of secur- 
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ing freedom from magnetic impurities in the construction of the 
instrument, and it will produce a greater external filed, thus neces- 
sitating a greater extent of non-magnetic surroundings. It is also 
more difficult to turn a large circle than a smaller one. Taking all 
things into consideration, a diameter of about 25 cm. was chosen 
by Dorsey, and the number of turns and size of wire, and other 
practical details of construction of the various parts of the entire 
apparatus were carefully considered by him, and the necessary 
specifications and drawings were prepared. His investigation and 
designs were completed by March 11, 1913, but the proposed ap- 
paratus, pending completion of other studies and designs, has not 
yet been constructed. 

To the second of the above classes belongs the method recently 
carried out by W. A. Jenkins in Professor Hicks's laboratory at the 
University of Sheffield^ In this method a small magnet was sus- 
pended inside a solenoid of 4 cms. diameter and 1 meter long. The 
axis of the solenoid is adjusted so that on starting the current there 
is no deflection; it is then in the meridian. The time of swing, /, , 
of the magnet is now observed with the current zero, and, if K be 
the moment of inertia and tn the magnetic moment of the suspended 
magnet, we have: 

The current is next altered so as to produce a resultant field almost 
equal and opposite to that of the Earth's field; the magnet will 
thus have approximately the same time of swing, /, , as before. To 
avoid the effect due to torsion, the suspension head is turned 
through 180°. If H^ is the field due to the solenoid, 

H,-H^*^ (2) 

As the field is approximately the same in both cases, there is no 
need of allowing for the induction-effect of the field on the value 
of m. From (1) and (2) it follows that 

H = H,jj^, (3) 

Hence to obtain H, it is only necessary to determine the time of 
swing in the two cases and measure electrically the field H^. 

As will be seen by (3), in order to obtain an accuracy of 1 part 

' Phi!, Mag., V. 26. Oct.. 1913. pp. 752-774. 
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in 10,000 on H, /, and /, must be observed to 0.5 part in 10,000. 
The method in this form requires the same accurate measurement 
of the time of swing as in the present magnetometer-method, and, 
while it avoids the need of certain corrective terms, it does not 
eliminate one of the chief sources of error and difficulty in the latter 
method, viz., the measurement of the time of swing. Furthermore, 
the amount of time devoted to obtaining a value of H, as shown by 
the examples given, was about the same as with the magnetometer- 
method (75 to 90 minutes) and apparently without increased ac- 
curacy. No sufficiently extensive series of comparisons of this in- 
strument with a good modern magnetometer has as yet been 
published. 

It will be noted that the method proposed by Schuster in the 
current number of this Journal also falls in the second of the classes 
named. 

The methods thus far cited aim chiefly to determine the hori- 
zontal intensity, H, though they can readily be adapted, in general, 
also to measuring the magnetic declination, D, 

Ives and Mauchly^ in 1911, experimented with a "New form 
of earthinductor** primarily for measuring the vertical intensity, 
but also suggested by them as readily adaptable as well to the de- 
termination of the magnetic declination and inclination. Their 
apparatus has, however, not yet been put in final or suitable form 
for securing an accuracy easily obtainable with an ordinary field- 
magnetometer. 

In order to make the electrical method universally applicable, 
it may be found preferable to measure the total intensity rather 
than the horizontal, or vertical component. If the same instru- 
ment were also adapted to the measurement of H or of the vertical 
component, Z, when suitable to do so, the inclination could like- 
wise be obtained. Accordingly, designs for a universal instrument 
with which all the magnetic elements may be measured by elec- 
trical methods, are at present under consideration, but not yet 
definitely decided upon. For the same practical reasons as experi- 
ence has taught in the application of the magnetic methods, it 
may, in general, be found most advantageous and most accurate 
for the electrical methods likewise to measure the largest possible 
component of the Earth's field at the place of observation. 

The chief gain to be hoped for from the electrical devices is to 
obtain a desired degree of accuracy with less effort and within less 

» Phil. Mag. for April, 1911, pp. 579-583. 
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time than with the magnetic methods. Regarding, however, the 
time required for an observation, it may be well to point out that 
occasions will arise, on account of magnetic perturbations or for 
some other reason, when the observation-interval is governed 
rather by the fluctuations in the quantity measured than by the 
method employed. The measurement of a magnetic element, 
which is in continual flux, is not quite like that of a quantity so 
comparatively fixed at any one point as the acceleration of gravity, 
for example, whose periodic fluctuations are well within the present 
means of observation. 

Necessary Precautions and Preliminary Conclusions. 

Respecting the absolute accuracy attainable with electrical 
methods, it may be well to bear in mind also that freedom from 
magnetic impurities in the material of the parts concerned is as 
essential as in the present magnetometers. This matter is often 
one of the chief causes of the outstanding differences between mag- 
netometers, and, in view of the bulk of the apparatus in general 
required for the electrical methods thus far proposed, careful at- 
tention will likewise have to be given to this detail in the electrical 
devices. 

Assuming now that a wholly satisfactory form of apparatus for 
measuring the Earth's field-intensity, by electrical methods, at a 
fixed station for standardization purposes, has been constructed, 
let us see briefly whether there are any serious practical difficulties 
involved in transporting that same apparatus to the various ob- 
servatories in all parts of the Earth for comparison purposes. If, 
for example, an absolute accuracy of 1 / 10,000 in H is obtained at 
Washington, what precautions would have to be taken to preserve 
the electrical constants in order to ensure- that the same degree of 
accuracy be maintained during transportation of the apparatus 
from station to station and for varying values of H? What would 
be the possibility of adapting the apparatus to meet successfully 
the various conditions undei which field work, namely, out-doors, 
under a tent, must be undertaken in all regions of the Earth, and 
what are the various precautions respecting transportation and 
protection of the apparatus which would have to be observed? 

A suitable apparatus for measuring if, or some other compo- 
nent, will consist of the following essential parts: (a) The coil pro- 
ducing the field (mounted suitably) and the suspended system; 
(b) a standard resistance; (c) one or two standard cadmium cells; 
((/) a potentiometer; (e) a galvanometer, and (/) a battery or set 
of cells to produce the main current, together with general accessor- 
ies. Proper attention and care would have to be devoted to the 
transportation of this entire outfit, which, according to the elec- 
trical methods adopted, may exceed in bulk and weight a complete 
magnetic equipment. Since the percentage accuracy in H is di- 
rectly proportional to that of the dimensions of the coil, special 
3 
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care will be necessary to guard against distortion in shape of coil 
fesulting from jars or knocks during transportation; also adequate 
precautions must be taken in the winding of the coil on a frame of 
suitable material, to guard against temperature alterations in the 
coil dimensions during transit, for example, from places of very 
high to very low temperatures. Likewise the necessary precau- 
tions will have to be observed against alterations in the standard 
cadmium cells because of sudden fluctuations of temperature. So 
also due attention must be given to certain practical details re- 
garding the best kind of cells for supplying the current, according 
to the method adopted, or according to whether the apparatus is 
to be used only at observatory stations (civilized centers), or in the 
field, etc., etc. Suffice it to say that a preliminary examination 
into these various points, as well as into others not here mentioned, 
would indicate that, unless the requisite precautions are duly ob- 
served, readily appreciable errors in H may result. 

Summing up, it appears theoretically possible to construct an 
apparatus for measuring, by electrical means, the intensity of the 
Earth's magnetic field more expeditiously and, in general, with 
greater accuracy than with present magnetic methods, provided 
the necessary precautions be taken. Up to the present time, as 
far as is known, no such apparatus has as yet been put in final 
form, or at least no series of comparisons with the best type of 
modern magnetometer, sufficiently accurate and extensive, has 
been published. 

Considerable experimentation will yet be required before the 
question can be seriously considered whether it will be entirely ad- 
vantageous, even for observatory purposes, let alone field work, to 
replace the present magnetic methods by electrical ones. It is 
believed that the greatest gain to science will ultimately result if 
the electrical devices be regarded as supplementing rather than 
supplanting the present magnetic instruments. If, for example, it 
should turn out, as the result of an extensive series of comparisons 
made in all parts of the Earth, that there is some constant differ- 
ence between the two methods — the magnetic and the electric-^ 
then a valuable clue may be obtained which may lead to the expla- 
nation of some outstanding point in the theory of magnetic meas- 
urements. While, then, the Department of Terrestrial Magnetism 
will do its full share in constructing and experimenting, both in 
the laboratory and in the field, with electrical methods for measur- 
ing the Earth's magnetic elements, it is hoped that researches for 
the purpose of still further refining the present magnetic methods 
will by no means be abandoned. 
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Fig. 2. View on March 10th, of Approach to the Grounds. 
Department of Terrestrial Magnetism. 
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ON A NEW METHOD FOR DETERMINING THE EARTH'S 
HORIZONTAL MAGNETIC FORCES. 

By Arthur Schuster, F. R. S. 

Since Gauss first introduced the present method of measuiing 
magnetic forces, magneticians have been trying to obtain the in- 
creased accuracy required in modern physical measurements by 
refining details and introducing a number of corrections. The 
limit of such a procedure — which in this case has perhaps already 
been overstepped — is reached when the amount of added labor 
ceases to lead to a corresponding gain. It becomes necessary then 
to consider whether the method itself should not be abandoned. 

- Electric currents can now be measured so accurately, and so 
much experience has been gained in winding standard coils, that 
it is worth enquiring whether magnetic forces cannot be conven- 
iently measured by using artificially prepared magnetic fields as 
standards of comparison. To me it appears to be beyond doubt 
that greater accuracy can be obtained in this way with far less 
expenditure of labor, and, as far as fixed observatories are con- 
cerned, the time seems ripe to make the change. 

Let CT, Fig. (1), be the horizontal axis of a standard coil, 
having a mean winding indicated in projection by AB. If the cur- 
rent be t, the magnetic force at C is Ki, where K is the constant of 
the coil. By adjusting i, we may balance any other magnetic 
force which acts in the direction of the axis of the coil at C, and a 
delicately suspended indicator-magnet placed at this point will set 
itself parallel to AB, If a mirror be attached to the magnet, it is 
easy by means of well-known methods to determine the position 
of the mirror such that the magnetic axis of the suspended system 
is in the required direction. If CT be inclined to the magnetic 
meridian, we may obtain the components of the Earth's magnetic 
forces in any desired direction, though we are confined to the 
horizontal plane, because the suspended magnet can only move 
freely round a vertical axis. 

Let CT point accurately to the magnetic north. If a gradually 
increasing current be sent through the coil such that it opposes 
the Earth's force, the indicator magnet at C should remain sta- 
tionary until Ki = Jf, and then swing round through two right 
angles. As the theoretical coincidence between CT and the mag- 
netic north can never be fully secured, it is better in practice to 
turn the coil through a small but measurable angle a (Fig. 2). 

If in that position the current be gradually increased, the mag- 
netic axis of the suspended system will turn anti-clockwise, and 
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when it lies parallel to -45, the Earth's force resolved along CT 
balances the force due to the current. Hence 

H cos a = Ki 

which determines H, The equation holds for large as well as small 
values of a, and we may therefore determine the components of 
force in any direction, as, e. g., towards the geographical north and 
west. It will, I think, ultimately be found advisable to abandon 
the present custom of measuring horizontal force and declination 
in favor of the two geographical co-ordinates, but the present 
paper deals only with the determination of horizontal force, and 
for this purpose a should be kept small. A small error in that 
angle will then not appreciably affect the measured value of H. 
The declination can be determined without difficulty by comparing 
CT with the geographical meridian. 

In order to determine a, the position of the coil for which its 
axis coincides with the magnetic meridian CN is first ascertained. 
This is accomplished by taking any position CT, Fig. 2, some- 
where near the right one, and measuring the deflection produced by 
a certain current; then keeping this current-strength constant, the 
coil is turned until, in the position CT', the deflection is equal in 
amount and opposite in direction. The angle a, which is half the 
angle TCT\ is thus easily determined to the required accuracy by 
means of a divided circle. 

The accuracy of the method depends on the limits of error 
within which K, the constant of the coil, can be calculated and the 
current intensity measured. An error in K will produce a constant 
error in the absolute value of H, and so long as the instruments in 
different countries can be accurately compared with each other, it 
is of comparatively small importance. Everything turns, there- 
fore, on the measurement of the current-intensity. 

In order to gain authoritative information on the obtainable 
limits of accuracy, I applied to the Director of the National Physical 
Laboratory. Dr. Glazebrook placed the matter in the hands of 
Mr. F. E. Smith, who supplied the desired information, and carried 
out preliminary experiments to test the method. His great experi- 
ence and experimental skill in standard electrical measurements 
should lend considerable weight to his opinion that the method is 
one which promises to fulfil the conditions of being accurate and 
easy to apply. I feel justified, therefore, in publishing a prelim- 
inary account, leaving a more detailed discussion until a standard 
instrument, now being designed by Mr. Smith, is constructed. 

The constant of a coil of suitable dimensions and properly 
wound may, according to Mr. Smith, be determined with a probable 
error of about 2 parts in 100,000. The comparisons made by the 
Department of Terrestrial Magnetism, under Prof. Bauer's direc- 
tions, show systematic differences of several 7 between the standard 
magnetometers of different countries; and as it will be easier to 
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compare different instruments of the new type accurately than 
those at present in use, the proposed method hsis a considerable 
advantage, provided the currents can be measured with equal ac- 
curacy. I am assured that with proper precautions currents can 
now be estimated in C. G. S. units with a probable error of about 
3 parts in 100,000. An error of four times this probable error, 
which in our latitude would mean an error of 2 7, should therefore 
occur less than once in 100 cases. This seems a gain on the present 
method, which requires a number of very uncertain corrections, 
such as those due to temperature changes. 

The experiments hitherto made by Mr. F. E. Smith have 
shown that the conduct of observations presents no difficulties. 



Y N 



C 
Fig. 1. 




Fig. 2. 



It may be sufficient to say that he estimates that the complete 
operation of effecting a measurement of H will in future take less 
than 5 minutes. 

It need perhaps hardly be mentioned that the question of the 
variation of the field at the center of the coil, (which will be of the 
Helmholtz type), the centering of the suspended system, the effects 
of torsion of the suspending fiber, and other details of construction 
have been fully considered. 

Variations of temperature, which in the present method intro- 
duce appreciable and somewhat uncertain corrections, only affect 
the new method in so far as the dimensions of the standard coil 
are concerned. Mr. Smith's previous experience in these matters 
leads him to think that no difficulties need be anticipated. The 
copper wire will be wound under tension in a marble cylinder in 
such a way that it will always remain taut during all conceivable 
changes of temperature, including those due to the passage of the 
current. The radius of the coil will then increase or diminish as 
if it were of solid marble, having a coefficient of linear expansion 
of 0.5x10"^. It would therefore require a change of temperature of 
20° to produce an apparent change of one-hundredth per cent 
(corresponding in our laboratories to 2 7) in the value of the hor- 
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izontal force. Provision will be made to determine the tempera- 
ture of the marble cylinder during the experiments. 

When the magnetometer is mounted in position, the determi- 
nation of H will consist of the following operations: 

(1). Determine the position of the coil when its axis coincides 
with that of -the magnetic axis of the suspended system. 

(2). Turn the coil through about 2°, the angle to be measured 
to about one minute of arc. 

(3). Adjust the current and measure its intensity when the 
axis of the suspended system is at right angles to that of the coil. 
The proper position of the suspended system in the last operation 
is easily ascertained by means of mirrors. 

There is no difficulty in eliminating any effects of torsion. 

Preliminary experiments were conducted with a coil the con- 
stant of which was not accurately known: they can only serve, 
therefore, to indicate the consistency of the values obtained in suc- 
cessive experiments. They are, however, of sufficient interest in 
this respect to be quoted. If it be remembered that the time 
taken, with the present form of the Kew Magnetometer is never 
less than one hour, and sometimes considerably more, the new 
type seems to mark a considerable step in advance both as regards 
accuracy and convenience. The numbers are given in the follow- 
ing table. The constant of the coil is not known accurately, and 
no absolute results are therefore obtained. Six figures are given, 
but the last is uncertain. 



Time of Observation 
1913 


Relative 

Values of 

H 


Time of Observation 
1913 


Relative 

Values of 

H 


h m 

Feb. 15, 10 00 A. M. 
10 30 A. M. 

2 30 P. M. 

3 00 P. M. 


.184026 
028 
045 
041 


h m 

Feb. 16, 9 30 A.M. 
10 30 A. M. 


.184011 
019 



The changes shown in the last column run parallel to those due 
to the diurnal variation. The information kindly supplied to me 
by the Astronomer Royal shows, however, that at Greenwich the 
diurnal variation at the date of observation was about 5 times as 
large. No importance need be attached to this discrepancy be- 
cause the experiments were made simply with the idea of testing 
the procedure of carrying out the method described, with appa- 
ratus that were not specially designed for the purpose. A small 
correction for temperature, e. g., can not be applied unless the 
thermal coefficient of expansion of the cylinder on which the coil 
is wound is accurately known. In the instrument under construc- 
tion this cylinder is made of marble and the wire will be wound 
under tension, so that it remains tight on the cylinder during any 
changes of temperature that can possibly occur. 
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THE MEASUREMENT OF ATMOSPHERIC CONDUC- 
TIVITY, TOGETHER WITH CERTAIN REMARKS 
ON THE THEORY OF ATMOSPHERIC RADIO- 
ACTIVE MEASUREMENTS. 

By W. F. G. Swann. 

Perhaps the best-known method of measuring the conductivity 
of air is that devised by Gerdien, in which air is drawn through a 
cylindrical condenser, and the rate of movement of the leaf of an 
electroscope connected to the inner cylinder is noted. Another 
method has, however, been developed at Potsdam, in which the 
conductivity is deduced by noting the rate of alteration of poten- 
tial of a long charged wire, surrounded by an earthed netting. The 
fact that this method presents the very valuable feature of being 
readily applicable to automatic registration renders it desirable to 
form as close a scrutiny of it as possible from a theoretical point of 
view, in order to be able to predict more certainly its exact limita- 
tions. This is especially the case in view of the fact that the values 
of the conductivity as measured by this method at Potsdam are 
abnormally low, being only about 50 per cent of that found at 
other places. As far as the author is aware, no theoretical discus- 
sion directly applicable to the method has been published. 

For convenience of reference, where it becomes necessary to 
quote actual figures relative to the dimensions of the apparatus, 
etc., the values corresponding to the Potsdam apparatus will be 
quoted. 

It is an experimental fact that a body when charged and hung 
in the free atmosphere alters its potential at a rate given by: 

-fl-BV (1) 

where B is constant. 

The above equation bears so striking a resemblance to Ohm*s 
law that I think there is considerable danger lest we may fall into the 
error of providing a theoretical explanation of this formula based 
on principles which are not sound. A very simple, but unsound 
argument would, for example, be the following: 

Suppose the body is positively charged. Let n, be the 
number of negative ions per cc, r, their specific velocity, e the 
ionic charge, Q the charge on the body. Then, the electrical force 
at the surface of the body = 4 T<r, <r being the surface density. 

23 
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The quantity of electricity coming to any sq. cm. in time 8/ = 
47r(r «, eVjS/, and the quantity coming to the whole body in time 
dt is - dQ = 4:Trn^v^edtC adSf ds being an element of surface and 
the integration being extended over the whole surface. Thus since 
f<rds = Q, 

—JJ =^Trn,ev,Q 
and - -Tj = 4 TT w, ev, V (2) 

That the expression (2) is really true has been proved by Riecke 
(Annalen der Physik, Vol. 12, p. 52, 1903) for the case of a sphere, 
but the fallacies in the simplified though plausible argument I have 
given above immediately become obvious when we consider the 
problem in detail. The departure of positive ions from the neigh- 
borhood of the body, and the consequent accumulation of free 
charge in its vicinity, with the resultant alteration of the field 
and the density of the negative ions there, result in such a 
complication of the problem as would render the above simple 
view of the matter quite inapplicable. 

The kind of effects which may arise in this way will at once be 
realized when we consider the analogous problem of an infinitely 
large charged plate. In this case, the field some distance from the 
plate instead of being equal to that at the plate, as would be ob- 
tained on a simplified view like the above, is only y-:, of that field. 

(See J. J. Thomson's "Conduction through gases," p. 88.) It ap- 
pears from the demonstration of Riecke that the existence of the 
above relation between the potential and the time arises from some- 
what different considerations, and involves a slight motion of the air 
as a fundamental factor in its validity. The question of this motion 
of the air is again not so simple as might be at first supposed. Its 
effect is not simply that of keeping up such a supply of fresh ions 
in the space around the charged body as would make the condi- 
tions there approximate to those which we should have if the rate 
of formation of ions were so great that their removal by the field 
had very little influence on the number present^ The exact mech- 
anism of the phenomenon will be clear from the problem presently 
to be considered. 

> The explanations sometimes given as to the action of the Gerdien apparatus, for example, 
indicate that this may be the view which is sometimes taken as to the function of the air current. 
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It is not contended that what I have called the simplified view 
of the phenomenon is the one held by all workers with the appa- 
ratus, but my object in dwelling somewhat on these points is to 
remove from our minds, at the outset, any false conception as to 
the mechanism of the phenomenon we are about to consider, 
since the false conception is the one which leads so directly to the 
correct result. 

Schering found experimentally that if the circular netting 
which surrounds the wire of the Potsdam apparatus had a radius 
of more than 50 cms., Ohm's law was obeyed for potentials up to 
300 volts, and he therefore concluded that the formula of Riecke 
applied, and that the coefficient B in his empirical relation: 

was really Arnev, nev being the unipolar conductivity. Avery 
simple calculation will show that, if the air were quite still, prac- 
tically saturation currents would be obtained between the net 
and the central wire in Schering's experiment, so that the mechan- 
ism of that method must involve as an essential factor the motion 
of the air. A word of warning must be given here against assum- 
ing that the experimental agreement with Ohm's law necessarily 
carries with it the conclusion that the coefficient B in the empirical 

dV 
relation - -t-. = B V is Airnev, on the grounds that for small 

values of V this must be true. 

As we have already remarked, Riecke has considered the prob- 
lem of air streaming by a charged sphere, and we shall here on 
similar lines consider the case of air streaming past a positively 
charged wire of radius a, charged with E units of electricity per 
cm., the wire being surrounded by an earthed netting. Suppose 
first that the netting is absent, and the wire is constrained to have 
E units per sq. cm. as before. Let O Fig. 1, be the wire, and let 
the air move parallel to the line BO, with velocity u (the axis of x 
being from left to right). The field due to the wire at a distance r 

2E 
is — and, if the arrow indicates the direction of the air-current, 
r 

the equations of motion of a negative ion, are: 

dt r^ 

dx _ v,x 

di r^ 
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Hence, 
Put 
Hence, 
and 



dx _ X u (x^ + y^) 
dy~ y 2Ev, y 

f = - and (3) reduces to 3— = 

* 3^ ' dy 



(3) 



tan' 



tan 



X 



u 



2Ev, 

2i^/ + ^^^''^''^ 

y + constant 



(f^+1) 



y 2Ev,' 
If 3^^, is the value of 3^ at .11: = 00 , i. ,e in regions out of the influence 

of the field, we have, since tan "*-=7ratJC = oo,as may be 

y 2 

seen from Fig. 1 : 



2|^(y.-y) = |-tan-^ 



(4) 



Now all the ions for which y has less than a certain minimum value 
will get to the wire. In this respect the currents are in a sense 
saturation-currents, for such air as supplies any ions at all gives up 
all its ions. 




Fig. 1. 



The ions whose value of 3^ at x = 00 is just equal to this mini- 
mum will travel a path similar to AD CO and will just succeed in 

X 

curling back to the wire. The value of -at 3^ = will be —00, 

and tan~* -will be — ^ . This gives for the value of y^ for this 
particular ion 



2Ev, 



X IT 

-^r H" TT = ^ 
2 ^2 



(5) 



Where we have written y^ for the particular value of y^ in question. 
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The total number of ions coming to the wire per second per 
unit length is the number contained in a box of length w, depth 
2 y^ and breadth unity. Hence the number is 23^0 w^2» ^2 being the 
number of negative ions per cc. in the normal condition. 

From (5), 23^0 w = 4 tt Ev^ . 

Hence the change — 8£ in £ in the time 8/ is 

— 8£ = 23^0 w«j e S/ = 47r£t;,«,e8/ 

dV 
.*. — -TT = 47r£r, w, eF 

which is the same result as (2), n^ev^ being the unipolar con- 
ductivity. 

The assumptions made in this deduction are that the velocity 
of the air-stream is sufficiently great to enable us to neglect the 
effects due to recombination and diffusion of the ions, and there is 
the further assumption (not mentioned by Reicke) that the field 
is unaffected by the ionic distribution, which is not quite true, 
owing to the fact that the negative ions come together near the 
wire, while the positive ions are driven away, with the result that 
there is a free charge in the air around the wire, and the field is no 
longer 2 E/r. This error would become serious and would control 
the whole phenomenon if it were not for the air-current, but it is 
not difficult to show that the presence of quite a small air-current 
is sufficient to reduce any appreciable error due to this cause. 
We shall deal with this matter after considering the paths of the 
positive ions. 

Equations of motion of positive ions. 

The equations of motion of the positive ions, v^ being their 

specific velocity, are : 

dy _ 2Ev,y ^ dx ^ 2Ei\x 
dt ' r^ ' dt ' r^ " 

Hence ^ = ?^ - -|- (--!+^ (6) 

dy y 2 EVj y 

Put f = - » then (6) reduces to 

dy 2 Ev^ 

u 



tan - * f = constant — 



2Ev,- 



X u 

tan " ^ - = constant — tt^ — y (7) 

y 2Ev^ 
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By an analgous argument to that used on page (26) for the case 
of the negative ions, if 3^, is the value of 3^ at x = 00, (7) reduces to 

" (y-y,) = T-tan-«^ (8) 



2 fir/-' •"' 2 y 

(8) may be put in the form 



^+l=sec»{|-2^(y-y.)| 
{x^ + fyy- = I sin j^^(y-y,) (9) 

The ion which succeeds in getting nearest to the wire is the one which 
travels along the axis of x. This ion travels until the point is reached 
where the velocity impressed by the field balances w, that is, where 

Ji 91 

-=u . After this there is a discontinuity in the path and the 

equation of motion is given by (9) with y^ zero, t. e. : 

= sinr-Er-3' (10) 



The path of this ion is shown by the line BRDT or BRGS in Fig. 2 
for a case where w = 20 cms. per second, Vj = 1.6 cms /sec per 
volt per cm., i. e., 480 cms /sec per E. 5. U per cm., and E = 0.048 
£. 5. U, per cm. This value of E is the value for the central wire of* 
the apparatus used at Potsdam when the difference of potential 
between the wire and net is 200 volts. It is calculated from the 

expression 2 E log - = V,b being the radius of the netting and a 
d 

the radius of the wire (see calculation on psige 30). The limiting 
path of the negative ions is given by ADCO or FGCO in Fig. 2. 
Both the curves for the positive and negative ions^ become asymp- 
totic to the lines MN and PQ, for which y = zh7.23. 

Let us now consider the effect of the net placed round the wire. 
In order to insure that the wire shall collect all the ions treated of 

« Theoretically the space enclosed between the curve TDRGS and a vertical line at x — • - « 
is totally devoid of positive ions. In practice, however, the net limits the region so that in the 
present case, for instance, its total volume per unit length of wire is less than 2 X 7.23 < (Distance 
of R from the net), i. e. certainly smaller than 760 c.cs. If there were 1000 negative ions per c.c» 
in this space, each having a charge of 4.7 X 10- »• E. S. U„ the total charge within the space'would 
be smaller than 3.6 X 10 - «. This is less than one per cent of the 0.048 E. S. U. . which is the charge 
per unit length of the wire, so that, since it is easily seen that the free charge contained within the 
boundary TDRGS contributes by far the greatest proportion to the deviations from the simple 
expression for the force, we see that such deviations are negligible. 
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in the above theory, it is necessary that the netting shall intersect 
the curve ADCO, Fig. 1, which represents the limiting paths of 
the negative ions, at a point where it differs inappreciably from 
parallelism with BC, for outside the net there is no field, and the 
ions do not start to be bent until they get into the net. Suppose, 
for example, that the circle in Fig. 1 indicates the position of the 
net. It is obvious that instead of obtaining at the wire 0, ions 
from the cross-section AF ol the air-current,' we shall obtain ions 
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Fig. 2. 

from a cross-section JK, where A J represents the drop which an 
ion suffers in coming from infinity to the net. It may be noted 
that the trajectories of the ions inside the net will be of the same 
shapes as if the net were absent, since, owing to the fact that the 
accelerations of the ions are not involved, the absence of force out- 
side the net does not affect the shapes of the trajectories inside, 
though of course, as stated, it affects the density of the stream. 

Let us write z for JB, and let us proceed to determine z with a 
view to comparing it with %. To do this, it is necessary to find 
the values of y for which the circle x* + y = 6* intersects the curve 
whose equation is given by (4), with %, written for %, b being the 
radius of the net. Substituting o(? + y^ ^ b^ \n (4) and writing z 

* For convenience. Fig. I is not drawn to scale, and A is supposed to be so far to the right of 
Othat .4B-=y, . 
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for y, we obtain the particular values of y corresponding to the 
intersection. 

2li;^(y.-^)=2--tan-'(^)'' 
Thus ^-l=tan«{|-2j^-(y.-e)| 

Since from (5) we have ^f^ — = «•, we find 



= ^'«'"^('-2fl^)=*' 



2 Ev. 



Hence 2 = 6 sin r-^ - (11) 

Now let us take u = 20 cms. per second as corresponding to the 
component perpendicular to the wire, of such an air motion as 
might exist on a quiet day in the comparatively sheltered sur- 
roundings in which the apparatus is usually set up. Again in the 
actual apparatus, as generally used, 6 = 50 cm., so that if v, = 
1.6 cm /sec. per volt per cm., i, e,, 480 cms. /sec. per E. S. U. per 
cm. which would correspond to the atmospheric ions which figure 
chiefly in conductivity, we have 

2 = 50 sin il^ (12) 

Now if V is the potential difference between the wire and net: 

F=2£Iog- 

In the Potsdam apparatus a = 0.05 cm., and 6 = 50 cms., so that 
for a potential difference of 200 volts, i. e., 2 /3 £. 5. C/., we find 
2E = 0.096 approximately. In order to determine the value of z 
corresponding to the point D it is necessary to take a series of 
values of s, and find which one satisfies (12) for any given value 
of E. In the following tables four values of E are considered, cor- 
responding to values of the potential ranging from 50 volts to 300 
volts, and the corresponding values of z are obtained. 
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E 

(E. S. U.) 


V 

(volts) 


z 
(cms.) 


3^0 
(cms.) 


Relative Values 
ofz/V 


0.012 


50 


1.789 


1.808 


3.578 


0.024 


100 


3.536 


3.617 


3.536 


0.048 


200 


6.918 


7.234 


3.459 


0.072 


300 


10.15* 


10.85 


3.383 



The fourth column gives the values of y^, (corresponding to 
the different values of F), as calculated from equation (5). The 

last column gives the relative values of 7^ , and the constancy 

of these quantities shows that Ohm*s law is obeyed, for it will 
be remembered that 2 is proportional to the current per cm. 

of wire. — gives the ratio of the true conductivity to the ap- 

z 

parent conductivity for any voltage, thus we see that the true 
conductivity is very nearly equal to the apparent conductivity for 
all the voltages considered*, and there is certainly no explanation 
to be found here for the wide divergence between the values of 
the conductivity as determined by this method and by the Gerdien 
apparatus. ' 

Having thus satisfied ourselves that if the conditions postulated 
for the apparatus hold, the apparatus should lead to the true values 
of the conductivity, let us examine the nature of the actual con- 
ditions more closely to see whether they are the ones really postu- 
lated. In the above discussion we have assumed that there is no 
field outside the net, and while this is doubtless true as far as the 
shielding effect of the net on the wire is concerned, there are causes 
which prevent this state of affairs existing in practice. 

The netting is earth-connected, but this does not mean that it 
is without charge. The very fact that it is situated some distance 
above the ground, combined with that of the existence of the at- 
mospheric potential-gradient, results in the net having to take a 
negative charge in order to maintain its potential zero. 

* This conclusion could not be dmwn immediately from the experimental fact that Ohm's 
law is obeyed because it might easily happen that, owing to the geometrical relationship between 
the circle and the limiting trajectory, z was proportional to E over a wide range, without being 
equal to y, . 
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The height of the different parts of the netting above the ground 
varies to the extent of the diameter of the latter. In order to get 
an idea of the magnitude of the effect under consideration, we 
shall calculate the charge which would exist in the netting on the 
assumption that the effect is the same as if it were all at the same 
distance above the ground as its central axis. 

If C is the capacity of the netting, h the distance of the center 
above the ground, and X the potential-gradient, the negative 
charge which the netting must take is XCh. Now the mean po- 
tential-gradient in volts per meter at Potsdam, where the values 
of the conductivity concerned were measured, is given as 260 
volts per meter^, and for the apparatus used A = 1.5 meters, so 

that the charge taken by the net is ^^r^r^ E. S. U = 1.30C 

£. 5. U. Now strictly speaking, the charge is not distributed uni- 
formly along the netting, there is more at the ends than in the 
middle, but as we are only seeking the order of magnitude of the 
effect due to the charge, it will be unnecessary to do more than assume 
that the effect is the same as if it were distributed uniformly along 
the netting, so that if Q is the charge per unit length of the netting 

c 

^ = 1.30 y . If the netting were treated as a cylinder of length / 
and radius 6, its capacity would be C^= 1/2 log -7. The net is 

however very near the ground compared with its dimensions, and 
the ground increases its capacity. If the netting were completely 
surrounded by another cylinder at the distance h from its center 
equal to the distance of its central axis from the ground, the ca- 
pacity would be Cj = 1/2 log-r- 

In the Potsdam apparatus, / = 2,000 cms., 6 = 50 cms., A = 150 
cms.; thus C^= 0.136/ and 0^= 0.457 /. If we take the mean of 
these two quantities as the capacity of the nettings, we shall 
probably not be very far wrong, for it is to be remembered that 
we are only seeking the order of magnitude of the correction, and 
even if we were to adopt a complicated calculation of the capacity 
involving the theory of images, we should not probably reach a 
truer conclusion than the above, in view of the somewhat special 
shape of the ends of the netting, which prevents it being represented 
accurately as a long ellipsoid. We shall thus take for the capacity 
of the netting C = 0.296 /. Substituting in the above expression 

» K. Kaehler: Berlin, Verdff. Met. Inst.. No. 223, 1910. 
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for Qy we obtain Q = 0.385 E. S, U, The charge per unit length 
of the central wire is only 0.048 E. S, U., so that the charge per 
unit length of the netting is about 8 times the charge per unit 
length of the wire when the latter is charged to 200 volts. Strictly 
speaking, the charge on the netting is not evenly distributed round 
the circumference. The fact that the atmospheric potential- 
gradient tends, as it were, to produce a higher potential at the top 
portions than at the under portions would result in the former 
taking more of the charge. The induced action due to the earth 
below, however, tends to result in there being more at the bottom 
than the top, and we shall not complicate matters by doing more 
than assuming that the charge is evenly distributed round the 
circumference of the net, in which case we can look upon the net 
as a long cylinder charged with Q units per linear cm., uniformly 

20 
distributed, so that the force at any point outside due to it is — ^ , 

the force, of course, being the same at all points outside the net, as 
if the whole charge were concentrated along the central axis. Now 
the charge will tend to spread out the negative ions as they are 
brought to the net by the breeze, so that their flux-density as they 
enter the net will be reduced, with the result that too small a value 
of the conductivity will be obtained. In fact, in order to obtain 
the relation between the true conductivity and the measured con- 
ductivity, we can look at the matter in the following light. As 
before, let ADCO, (Fig. 3) represent the limiting path of a negative 
ion in the absence of the net, and let the circle represent the net. 




Fig. 3. 
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When the net is present, the ion which travels the limiting path 
DCO inside the net does not travel the path AD outside. It travels 
some such path as LD, In fact, in the absence of the net, the 
ions would come to the wire from a cross-section represented by 
2 AB. In the presence of the net, they would come from a cross- 
section represented as we have seen by 2 JB, if the net were un- 
charged, but owing to the charge on the net, they come from a 
space 2 LB. Hence if i is the current which we should obtain in 
the absence of the net and j the current obtained actually, 

i^AB 

j LB 
Now in Table 1 the quantity z represents the values of JB for 
various values of V and since outside the net the path of the ion is 
being controlled by a charge of the same sign as itself, equation 



= sin; 



(3^-^), 



(which is equation (9) with ^and r, written for £ and v,) represents 
its motion, X being the value oi yatx=^co , i, e., the value B L which 
we seek. 

Let us obtain the value of y at the intersection of this curve 
with the circle x^ + y^ = 6*, and, from the condition that this 
value of y has to be equal to Zy we shall find the various values of 
X corresponding to those of z, and so of y^. Combining the above 



equation with x^ + y^ = ft^, we obtain y = 6 sin ttt^ — 



(3^ - ^). 



Hence, putting y = 2, we have 2 = 6 sin 



(2 - ^). 



2Qv, 

The following table gives the values of X for the various values 
of z and V in the table, X being calculated from the expression (13) 
with Q = 0.385, as found above. 

Table 2, 



E 

(E. S. U.) 


V 

(volts) 


z 
(cms.) 


3^0 
(cms.) 


\ 

(cms.) 


Relative Val- 
ues of 

x/v 


0.012 


50 


1.789 


1.808 


1.128 


2.256 


0.024 


100 


3.536 


3.617 


2.228 


2.228 


0.048 


200 


6.918 


7.234 


4.352 


2.176 


0.072 


300 


10.15 


10.85 


6.370 


2.123 
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The last column gives the relative values of X /F, and the constancy 
of the quantity shows that the phenomenon arising from the charge 
on the netting has not greatly disturbed the obedience to Ohm*s 
law. The ratio of the apparent to the true conductivity is, however, 
given by ^/y^, and we thus see that the conductivity of the neg- 
ative ions as measured by this method would be only about 0.65 
of the true conductivity. The important fact to be noted is that 
the effect of the charge on the net is such as not to cause appreci- 
able departures from Ohm*s law, so that conformity with that law 
is not an indication that the apparatus is measuring the true con- 
ductivity. In the above we have considered the case where the 
central wire is positively charged, so that the ions which come to 
it are negatively charged. In view of the fact that the net always 
has a negative charge, provided that the atmospheric potential- 
gradient has its normal sign, we might think that, in the case where 
the central wire is negatively charged, there would be an apparent 
increase of the conductivity due to the net, since the latter would 
tend to draw the positive ions into a denser stream as they entered 
the net. We must remember, however, that by the very same 
action that the net concentrates the positive ions into a denser 
stream, it attracts them to itself, and so tends to prrevent them 
entering the interior of the net. The problem of calculating 
exactly how many of the positive ions would succeed in getting to 
the central wire under these conditions is one which is too difficult 
to attack, but it is not difficult to believe that the concentration 
which the charge on the netting produces in the ionic stream is 
more than counterbalanced by its action in robbing that stream of 
the ions. 

It must be noted that the above calculation of the order of 
magnitude of the error introduced by the net depends on the as- 
sumption that the resolved component of the air velocity perpen- 
dicular to the wire is about 20 cms. per sec. The greater the air 
velocity the less the error. Again, it is possible that in the par- 
ticular spot where the conductivity apparatus is set up the poten- 
tial-gradient may be abnormally low, but whether or not the low 
values found for the conductivity by this method are to be at- 
tributed largely to this cause here discussed, it is important to 
realize that, under certain very frequently occurring conditions, 
this form of apparatus is likely to give a value of the conductivity 
only about 60% of the true value. 

This action of the atmospheric potential-gradient in causing a 



Digitized by 



Google 



36 W, F. a SWANN [Vol. XIX. No. l\ 

charge to appear on pieces of earth-connected apparatus is one 
which may make itseK felt in many experiments. For instance, 
the ordinary Gerdien apparatus, when mounted on a pedestal some 
distance above the ground, must have a negative charge on the 
outer cylinder, and this charge will tend to widen out the stream 
of negative ions entering the cylinder and attract the positive ions 
to itself, thus decreasing to some extent the measured values of 
both the positive and negative conductivities. 

In measurements of the radioactivity of the air by the method 
in which a wire is stretched some distance above the ground and 
charged to about 2,000 volts, there is a likelihood of serious error, 
for the active deposit collected by the wire is determined not by 
the potential of the wire, but by the charge on it, since it is the 
charge which determines the force urging these particles towards 
the wire. Now suppose a wire is hung horizontally at a height of 
5 meters above the ground, in a place where the potential-gradient 
is 200 volts per meter. If it were at zero potential, it would have 
to take enough charge to balance the potential of 1,000 volts which 
it would otherwise have, due to the atmospheric potential-gradient. 
This charge would be negative for the normal sign of the potential- 
gradient. If we were to keep the wire at say — 2,000 volts by means 
of cells, the atmospheric potential-gradient would thus result in 
the appearance of 50% more charge on the wire than we should be 
led to expect if we omitted to consider this effect. In the case of 
a reversed potential-gradient, the charge on the wire would only 
be half what we should expect, neglecting this consideration. 

A word may be said here as to the theory of the action of a 
charged wire in collecting the active deposit, since no theory seems 
to have been put forward as to the relation between the quantity 
of active material per c. c. in the air and the activity as determined 
from the decay curve of the deposit on the wire. There seems to 
be no reason for believing that the theory of the action is any 
other than that corresponding to the theory of a charged wire col- 
lecting ions in the manner we have already discussed'', the ions 

• A freely exposed wire is in some respects different to that of a shielded wire such as is used 
in the determination of conductivity, since as we have shown on page 28 the elimination of the 
effect due to the free charge in the neighborhood of the body depends to a certain extent on the 
presence of the net. It is probable that the effect, even in the case of the unshielded wire, is not 
very serious, but it might be desirable to consider the advisability of using a shielded wire to col- 
lect the activity, the shield being maintained at the potential of the air around it by attaching 
points, or an ionium-collector, and 2,000 volts being maintained between the shield and wire. 

It may be thought that in the case of an unshielded wire the theory of the motion of the 
active carriers would be somewhat modified by the forces on them due to the atmospheric poten- 
tial-gradient, but, in so far as this factor only contributes a constant velocity to them. th3 effect 
is merely equivalent to a slight alteration in the velocity of the wind. Truly the alteration is in 
opposite directions for the positive and negative carriers, but this makes no difference to the theory. 
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here being represented, however, by the charged radioactive carriers- 
The method would thus require a current of air in order to cause it to 
lead to definite results in this case, just as in the case of the dis- 
persion of a charged body. If N is the number of particles of radio- 
active material per c. c. of any one kind, e the charge, and v the 

specific velocity of the particles, the number -j- coming to the 

wire per second, is 4ir Q Nev where Q represents the total charge 
on the wire. The steady state would be reached when the number 
coming to the wire in this way just balances the number breaking 
up on the wire, due to radioactive disintegration. If m is the mass 
of active material (supposed all of one kind) on the wire, A, the 
constant of radioactive change and M the mass of a carrier, we 
shall have, in the final state of equilibrium 

tnX = 4irQMNev 

Hence, if we determine from the decay-curve the value of w, 
we (Tan immediately deduce the value of MNeVy and if we know e 
and V, we can determine MN, i, e., the mass of active cariiers 
per c. c. 

It is interesting to apply the theory of the foregoing to the case 
where there are carriers of different kinds in the atmosphere. 
Let A, be the constant of radioactive change for a certain kind of 
carrier, w, the mass of that material on the wire when the steady 
state has been attained. My and v, the mass and specific velocity 
of the carrier, iV, the number of carriers of this kind per c. c. in the 
air, and e, the charge on the carriers. Let the suffixes 2, 3, 4, etc., 
refer successfully to carriers of other kinds. The number of each 
kind deposited on the wire per second is 4 t QiVev with the ap- 
propriate suflixes to correspond to the product. Then in the final 
state of equilibrium, 

4^ Q M^N^e^Vy — WjAj 

A-K Q M^N^e^v^ = w,A, - m,Aj 

4irQ M^N^e^v^ = w,A, - m^ 

and so on, so that if we are in a position to determine w„ m„ etc.^ 
from our activity-curve, we can immediately get M,iV,e,t'i, M^N^e^v^, 
etc. A knowledge of the different specific velocities and charges 
carried will then enable us to get the respective values of MN, 
i. e., the respective total masses of the carriers of different kinds 
to be found per c. c. in the air. 

Department of Terrestrial Magnetism, 
Carnegie Institution of Washington, 
Washington, D. C. 
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MAGNETIC DECLINATIONS AND CHART CORRECTIONS 

OBTAINED BY THE CARNEGIE FROM FALMOUTH, 

ENGLAND, TO GREENPORT, LONG ISLAND, 

OCTOBER TO DECEMBER, 1913.^ 

By L. a. Bauer and W. J. Peters. 

{Minus sign indicates west declination, and plus, east declination.) 





Position 




Chart Values 


Chart Corrections 


Date 






Car- 












Lati- 
tude 


Longi- 
tude 


negie 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1913 


o / 


O 1 


o 


o 


o 


o 


o 


o 


o 


Oct. 15 


49 54N 


5 IIW 


—17.1 


—17.0 


—17.8 


—17.1 


—0.1 


+0.7 


0.0 


16 


49 22N 


6 04W 


—17.3 


—17.3 


—18.0 


—17.4 


0.0 


+0.7 


+0.1 


21 


44 07N 


10 52W 


—17.7 


—17.9 


—18.8 


—18.1 


+0.2 


+ 1.1 


+0.4 


21 


43 24N 


11 25W 


—17.9 


—18.0 


—18.7 


—18.1 


4-0.1 


+0.8 


+0.2 


24 


41 02N 


14 30W 


—18.6 


—18.7 


—19.4 


—18.5 


4-0.1 


+0.8 


—0.1 


. 24 


40 59N 


14 38W 


—18.5 


—18.8 


—19.5 


—18.5 


4-0.3 


+ 1.0 


0.0 


25 


41 16N 


14 56W 


—19.3 


—18.9 


—19.6 


—18.7 


—0.4 


+0.3 


—0.6 


26 


42 05N 


16 57W 


—20.0 


—19.8 


—20.7 


—19.8 


—0.2 


+0.7 


—0.2 


30 


38 12N 


16 OOW 


—18.3 


—18.5 


—19.3 


—18.2 


4-0.2 


+ 1.0 


—0.1 


Nov. 1 


37 20N 


18 14W 


—18.7 


—19.1 


—19.8 


—18.7 


4-0.4 


+ 1.1 


0.0 


1 


37 02N 


18 18W 


—18.8 


—19.1 


—19.8 


—18.6 


4-0.3 


+ 1.0 


—0.2 


5 


39 09N 


22 37W 


—20.7 


—20.9 


—21.7 


—20.7 


4-0.2 


+ 1.0 


0.0 


5 


38 36N 


23 17W 


—21.0 


—21.0 


—21.8 


—20.7 


0.0 


+0.8 


—0.3 


6 


38 12N 


24 14W 


—21.2 


—21.2 


—21.9 


—20.9 


0.0 


+0.7 


—0.3 


10 


39 13N 


25 28W 


—21.8 


—21.8 


—22.7 


—21.8 


0.0 


+0.9 


0.0 


11 


37 OIN 


27 44W 


—21.5 


—21.8 


—22.2 


—21.6 


4-0.3 


+0.7 


+0.1 


12 


35 40N 


31 57W 


—23.6 


—22.8 


—22.1 


—21.5 


—0.8 


—1.5 


—2.1 


14 


35 29N 


37 45W 


—22.6 


—23.1 


—22.1 


—21.2 


4-0.5 


—0.5 


—1.4 


16 


36 09N 


42 45W 


—22.8 


—22.9 


—21.7 


—20.9 


4-0.1 


—1.1 


—1.9 


18 


35 59N 


48 38W 


—21.2 


—21.0 


—20.0 


—19.0 


—0.2 


—1.2 


—2.2 


18 


36 26N 


49 20W 


—21.6 


—21.0 


—20.0 


—19.2 


—0.6 


—1.6 


—2.4 


19 


36 34N 


49 55W 


—21.3 


—21.0 


—20.0 


—19.1 


—0.3 


—1.3 


—2.2 


20 


36 54N 


51 16W 


—21.0 


—20.7 


—19.7 


—18.9 


—0.3 


—1.3 


—2.1 


21 


36 OON 


51 15W 


—20.2 


—20.0 


—18.9 


—18.1 


—0.2 


—1.3 


—2.1 


21 


35 27N 


51 29W 


—19.5 


—19.4 


—18.0 


—17.5 


—0.1 


—1.5 


—2.0 


23 


34 03N 


55 25W 


—17.4 


—16.8 


—15.2 


—15.2 


—0.6 


—2.2 


—2.2 


24 


34 04N 


57 41VV 


—15.8 


—16.0 


—14.4 


—14.0 


4-0.2 


—1.4 


—1.8 


27 


34 06N 


58 47W 


—15.3 


—15.3 


—13.9 


—13.7 


0.0 


—1.4 


—1.6 


28 


33 22N 


61 22W 


—13.4 


—13.0 


—11.9 


—11.8 


—0.4 


—1.5 


—1.6 


Dec. 2 


36 UN 


67 52W 


—10.8 


—11.2 


—10.2 


—10.2 


4-0.4 


—0.6 


-0.6 


4 


37 32N 


69 12W 


—10.9 


—11.2 


—10.2 


—10.2 


4-0.3 


-0.7 


—0.7 


7 


37 18N 


66 32W 


—12.8 


—12.8 


—11.6 


—12.0 


0.0 


—1.2 


—0.8 


10 


38 59N 


68 55W 


—12.4 


—11.9 


—12.3 


—11.5 


—0.5 


—0.1 


—0.9 


12 


40 13N 


71 23W 


—11.7 


—11.7 


—10.9 


—10.6 


0.0 


—0.8 


—1.1 


12 


41 ION 


71 38 W 


—12.2 


—12.5 


—11.3 


—10.6 


4-0.3 


-0.9 


—1.6 



' For previous tables see Terr. Mag., v. 15, pp. 57-82, 129-144; v. 16, pp. 133-136; v. 17, 
pp. 31-32, 97-101, 141-144, 179-180; v. 18. pp. 63-64, 111-112, 161-162. 
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THE MOON'S INFLUENCE ON THE EARTH'S MAGNETISM.^ 

By S. Chapman, 

Chief Assistant at the Royal Observatory, Greenwich. 

Schuster has proved that the varying field which causes the ordinary 
daily changes in the magnetic elements is produced by electric currents 
flowing mainly above the Earth's surface, and located in the rarefied 
upper strata of the atmosphere, perhaps where the Aurorae have their 
origin. The air is rendered electrically conducting in these tenuous 
regions presumably by the ultra-violet radiation from the Sun. The 
electromotive forces which impel the currents are supposed to be pro- 
duced by the motions of the air, as indicated by the barometric variation, 
across the Earth's permanent field of magnetic force. A not unreason- 
able value for the electric conductivity of the atmosphere was indicated 
by Schuster's calculations, based on his theory. 

If the atmosphere oscillates similarly in all layers, from the relative 
amplitudes of the 24 and 12 hourly terms in the barometric variation, 
it is possible to calculate the relative amplitudes of the corresponding 
terms in the magnetic variation, provided that the electric conductivity 
is constant throughout the day and night. There is a fairly large dis- 
crepancy revealed between the ratio thus calculated and the observed 
ratio of the diurnal and semi-diurnal components of the magnetic vari- 
ation. This points to error in either or both of the assumptions men- 
tioned, viz., that the atmosphere oscillates similarly in all layers and 
that the electrical conductivity of the air is constant. The latter is 
almost sure to be incorrect — as Schuster remarks, the conductivity 
probably falls to a low value at night. On this assumption the theory 
and observation can be reconciled much more closely, but there still re- 
mains the uncertainty as to whether the amplitudes of the 24 and 12 
hourly oscillations of the atmosphere preserve the same ratio one to 
another at all levels. 

The Moon also influences both the barometer and the Earth's mag- 
netic field — the former by the production of a simple semi-diurnal gravi- 
tational tide. Both effects are of minute amount, and therefore laborious 
to evaluate from the observations, but otherwise there is no difficulty in 
discussing them. It is natural to suppose that the connection between 
the lunar-diurnal variations of atmospheric pressure and of magnetic 
force is similar to that between the corresponding solar-diurnal varia- 
tions, and this is borne out by many features of the lunar-diurnal vari- 
ations: as, for instance, that the magnetic variations are greater at 

* Abstract of a paper read before the British Association for the Advancement of Science, in 
Birmingham. September IS, 1913. 
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times of perigee than at apogee — there being some evidence, moreover, 
that the ratio of the amplitudes at the two periods is equal to the ratio 
of the corresponding values of the Moon's tide-producing force. Again, 
when the lunar-magnetic variation is determined as jthe mean from 
a number of whole lunar months, it should be of the same simple semi- 
diurnal type with the lunar barometric variation; for although the elec- 
trical conductivity of the upper air is a function of the solar time — and 
therefore also of the lunar time, at any particular phase of the Moon — 
in the mean of one or more whole lunar months (during which time 
each solar hour will have occurred equally often at all lunar hours) 
the electrical conductivity of the upper air is a constant as regards 
lunar time. Thus the semi-diurnal atmospheric oscillation due to the 
Moon must produce a corresponding purely semi-diurnal magnetic vari- 
ation in the mean of a month; this is what is actually observed. 

But, as already hinted, at any particular phase of the Moon the 
effect of the variable electrical conductivity of the upper air, in con- 
junction with the simple semi-diurnal atmospheric oscillation, should 
be to produce magnetic variations, not only of frequency 2 periods per 
day, but also of frequencies i, 3, 4, etc. This the author has actually 
found to be the case, and it appeared further that the epochs of the 
various components undergo regular changes during the course of the 
lunar month, the change of epoch per month for the components of 
frequencies i, 2, 3, 4, being respectively -2t, 0, 27r, 4t. At new Moon, 
when the Sun and Moon are on the same meridian, the epochs of all the 
components are nearly equal. The changes of epoch throughout the 
month clearly result in the disappearance from the variation for the 
mean of the whole month of all components except the second, which 
is of constant epoch. These changes with the position of the Sun greatly 
confirm the hypothesis of a variation in the electrical conductivity of 
the upper air, depending on the solar hour angle. 

The author has also proved mathematically- that the law of change 
of the epochs of the various components during the course of the month 
is precisely what was to be expected from the combination of a semi- 
diurnal atmospheric oscillation depending on lunar time and a variable 
conductivity depending on solar time. In fact, the change of epoch per 
month of the component of the magnetic variation, of frequency n, is 
2(«-2)7r, which is verified (lac. cit.) from the observations for n=i to 
«=4. A consideration of the amplitudes of the several harmonic com- 
ponents in the magnetic variation will moreover, when sufficiently good 
material is available, enable the dependence of the atmospheric con- 
ductivity upon solar time to be determined; a beginning has already been 
made with this work. The investigation is possible with the lunar- 

* On the diurnal variations of the Earth's Magnetism produced by the Moon and Sun. 
Phil. Trans A. 213, pp. 279-321. 
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magnetic variation, and not with the solar-diurnal magnetic varations, 
because in the former case, unlike the latter, the atmospheric oscillation 
which is responsible for the magnetic effect is of a single period (12 
hours), so that any other periodic terms appearing in the magnetic vari- 
ation must be due solely to the variable electrical conductivity of the air. 
When the law of change of the latter has been evaluated from the lunar- 
magnetic variations, it may be possible to work back from the solar- 
diurnal magnetic changes and to determine the relative amplitude of 
the atmospheric oscillations on which they depend; thus the similarity 
of atmospheric oscillations at widely different levels might be tested. 



A natural test to apply to this theory of the lunar-diurnal magnetic 
variations is the examination of their dependence on sun-spottedness. 
The solar-diurnal magnetic variations show a marked periodicity in 
amplitude, corresponding to the sun-s])ot periodicity, and this points, 
on Schuster's theory, to a corresponding change in the electrical con- 
ductivity of the upper air. This should affect the lunar-diurnal vari- 
ations in a similar way. Different opinions have been h^ld as to whether 
or not the observations do show this. The uncertainty is due mainly 
to the large accidental error in the variations as determined from a 
single year's observations. In the table and curve accompanying this 
abstract, all the evidence upon the point which is at present available 
is summarized; unfortunately it does not suffice to settle the question 
at issue. 

Results for horizontal force and declination are alone considered, as 
the lunar variation of vertical force is smaller and more irregular than 
that of the horizontal components. Moreover, only the main semi- 
6 
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diurnal term in the variation is considered: data lacking for the other 
harmonics, as far as their changes from year to year are concerned. 
The observatories for which information of the requisite nature is 
available are Greenwich (1848-1863), Trevandrum — declination only 
(1854-1864), Bombay, (1871-1888), and Batavia (1884-1899). The 
unit for the horizontal-force results, and for the declination figures 
from Bombay (which are expressed in terms of force) is ly (o.ooooi 
c. g. s.), and for the declination results (except at Bombay) is one 
minute of arc. 

The Greenwich figures represent the semi-amplitudes of the 12-hour 
component of the corresponding lunar-magnetic variations for the mean 
of the whole year; the epochs of the 24-hour term do not vary widely 
from year to year, and are not given here. The figures given are com- 
puted from the tables in Greenwich Observations 1859 (Tables XIX, 
XXII,. pp. CCXXV, CCXXXI) and 1867 (Tables XIX, XXII, pp. 
CCUII, CCXLVII). 

The Trevandrum data are taken from "Trevandrum Observations,** 
I, Table XXXIII, p. 119, and represent the yearly means of the ranges 
of the lunar-diurnal variations. The material for the computation of 
data similar to those tabulated here for Greenwich are not given in the 
Trevandrum volume, but the mean ranges afford a satisfactory measure 
of the lunar-magnetic variations from year to year. 

The Bombay results represent the same quantities as do the Green- 
wich figures, except that they refer only to the winter months, November- 
January, during which the variations are largest; the variations for the 
whole year are not computed for Bombay (see Colaba Magnetic Data, 
1846-1905, II, Tables 513, 515). 

Similarly for Batavia, the results are given for the winter half-year, 
October-March, since the summer variations are small and inverted; 
the figures given are from Tables 24, 25 of the appendix to the Batavia 
Observations, vol. 26. 

The table also gives the smoothed values of Wolf and Wolfer's 
Sun-spot numbers, from Table 542 of the Colaba volume already men- 
tioned. 

The data given in the table are thus homogeneous from year to 
year (so far as can be known) at each observatory, though not from 
observatory to observatory; the latter consideration is relatively un- 
important for the present purpose, however. The results are roughly 
plotted, in the figure, for comparison with the Sun-spot numbers. No 
particular parallelism between the run of the magnetic data and the 
Sun-spot figures is evident, unlike the well-known case of the solar- 
diurnal magnetic changes. But likewise there is not much accordance 
between the run of the magnetic data (declination and H. F.) from a 
single station, or between the overlapping results from different ob- 
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TabU of Data for the Lunar-Diurnal Magnetic Variation. 





Sun- I 
spot 

No. 1 


Greenwich 


Trevan- 
drum 


Year 


Sun- 
spot 
No. 


Bombay 


Batavia 


^ear 


Dec. 


H.F. 


Dec. 1 

1 


Dec. 


H.F. 


Dec. 


H. F. 


1848 


125 
95 
70 
63 
53 
39 
21 
8 
5 
23 
56 
90 
95 
78 
61 
45 
45 
31 
15 
9 
37 
79 
132 


0.13 
0.36 
0.19 
0.17 
0.16 
0.28 
0.25 
0.18 
0.11 
0.16 
0.14 
0.36 
0.39 
0.23 
0.31 
0.29 


1.1 
1.1 
2.3 
1.5 
1.1 
0.9 
1.4 
1.2 
1.7 
1.0 
1.0 
0.8 
1.7 
0.6 
1.7 
l.l 




6:45 i 

0.39 1 
0.32 1 
0.45 I 
0.45 1 
0.54 ! 
0.55 i 
0.41 1 
0.49 
0.50 ! 
0.48 1 


1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1 1899 


114 

100 

68 

43 

19 

12 

11 

4 

8 

32 

54 

58 

65 

63 

51 

25 

13 

7 

6 

8 

38 

70 

84 

79 

61 

43 

28 

25 

14 


1.1 
1.3 
0.6 
1.6 
0.6 
0.7 
1.7 
0.8 
0.5 
0.6 
1.7 
1.4 
1.8 
0.9 
1.4 
1.4 
0.9 
1.0 


0.8 
1.0 
1.2 
2.0 
1.6 
0.8 
1.4 
1.7 
1.2 
0.9 
1.9 
1.3 
1.6 
0.8 
1.3 
1.2 
1.7 
1.2 






1849 






1850 






1851 






1852 






1853 






1854 






1855 






1856 






1857 






1858 






1859 






1860 






1861 
1862 
1863 
1864 


0.25 
0.12 
0.17 
0.17 
0.16 
0.15 
0.14 
0.19 
0.20 
0.14 
0.19 
0.14 
0.18 
0.18 
0.19 
0.19 


1.1 
1.5 
1.3 
0.7 


1865 






1.3 


1866 






1 


1.0 


1867 






1 






0.9 


1868 






j 






0.5 


1869 






1 






0.6 


1870 






1 

1 






0.2 








i 






0.4 








0.9 








9 








6 








1.2 








1.1 



servatories, so that it may be owing to imperfections in the data that 
no solar periodicity is shown in the magnetic results. 

Taking the years underlined in the table as disturbed years, and 
the others as quiet, the mean values of the data for disturbed and quiet 
years are as follows: 





Greenwich 


Trevan- 
drum 


Bombay 


Batavia 




Dec. 


H.F. 


Dec. 


Dec. 


H.F. 


Dec. 


H.F. 


Disturbed 
Quiet 


0.244 
0.212 


1.29 
1.22 


48.8 
43.2 


12.5 
9.8 


12.4 
13.7 


17.3 
17.2 


7.9 
9.3 



No decided difference between the disturbed and quiet years is manifest, 
at any rate none comparable with the difference which would be shown 
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by the corresponding solar-diurnal variations. This conclusion would 
be so surprising, were there no doubt as to the accuracy of the data, 
that it seems very desirable to take steps to remove the uncertainty, and 
the co-operation of heads of magnetic observatories in the laborious 
task of reducing the observations to the necessary form is much to be 
hoped for. 

NOTES 



1. Personalia. Hermann Fritsche, an indefatigable worker in ter- 
restrial magnetism and allied subjects up to the time of his death, died 
on October 22, 1913, in his 75th year. B. O. Peirce, a steadfast friend 
of magnetic research, and Hollis professor of mathematics and natural 
philosophy at Harvard University since 1888, died January 14, 1914, 
having been born February 11, 1854. Frans Linke was appointed in- 
structor in aeronautic meteorology at the "Technische Hochschule 
Darmstadt." /. Hosier was awarded the Lalande prize for 191 3 of the 
Paris Academy of Sciences because of his researches on sudden vari- 
ations of terrestrial magnetism and their connection with solar disturb- 
ances. 

N. Oglodlinsky has retired from the position of Superintendent of 
Compasses of the Russian Admiralty, having served in this capacity for 
25 years ; he retains, however, his professorship in the Naval Academy. 

2, Magnetic re-sun*ey of the British Isles. The Royal Society 
recently made a grant of 250 £ towards the cost of this survey under- 
taken jointly by the Royal Society and the British Association for the 
Advancement of Science. 

J. Proposed Meteorological-Magnetic Conference at Edinburgh, 
September 8, 1914. As the British Association for the Advancement of 
Science meets in Australia this year, it is proposed to hold in Edinburgh 
on September 8, and the four following days, a conference of observers 
and students of meteorology and allied subjects. One of the objects of 
the conference is to bring together observers in meteorology, climatology, 
oceanography, limnology, atmospheric electricity, terrestrial magnetism, 
and seismology, as well as persons who are interested in the discussion 
of the observation. Special attention is to be directed to the teaching 
of meteorology in schools and to the relation of meteorology to aviation. 
To insure the success of the conference, it is important that the organ- 
izing committee should know as soon as possible the names of those 
who propose to attend, and such persons are invited to communicate 
with Mr. F. J. W. Whipple, honorary secretary, at the Meteorological 
Office, South Kensington, S. W., London. Dr. W. N. Shaw is chairman 
of the organizing committee. 

4. Erratum: The fourth line from the bottom in the table on p. 192 
of vol. 18 should read: Magnetic moment J/j^, instead 2 Afiy 
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PRELIMINARY ISOGONIC CHART OF NORTHERN ASIA FOR 

1909.5. 
Boris Weinberg. 

This preliminary chart was constructed mainly for the purpose of 
elucidating the question in what directions it is desirable first to supple- 
ment the existing data by additional magnetic expeditions. It is based 
only on the observations made during the past 17 years, since, on ac- 
count of the uncertainty in our present knowledge of the secular change, 
it is not deemed safe to make use of the data prior to this period. 

The following determinations of the magnetic declination were 
utilized : 

1. Smirnow, D. a.: Magnetic and astronomical determinations 
along the Obj-Jenissej connecting system and along the Siberian rail- 

way from Celiabinsk to Krasnojarsk (in Russian) ; Mem. Acad. St. 
Petersb., CI. phys-math., XVII, No. 7, p. 97, 1906. 

2. Smirnow, D. A.: Die magnetischen Elemente auf der Linie 
von Warschau bis Vladivostok nach den Beobachtungen von 1901, 1904, 
und 1909; Bull. Acad. St. Petersb., pp. 842-846, 1910. 

3. WozNESENSKij, A. V. : Magnetic determinations on Lake Baikal, 
p. 39 (in Russian) ; Chart and physicogeographical essay on Lake Baikal, 
St. Peter sbourg, 191 0, pp. 32-39. 

4. Abold, W. : Die Bestimmimg der Deklination der Magnetnadel 
im Amur- und Transbaikalgebiet in den Jahren 1909 und 1910; Sitzungs- 
ber. d. Naturforsch. Ges. Univ. Juriew (Dorpat), XX, pp. 35-36, 1911. 

5. Bauer, L. A.: Researches of the Department of Terrestrial 
Magnetism. Land Magnetic Observations, 1905-1910; Carnegie Insti- 
tution of Washington, 1912, pp. 67-69, 71, and TJ, 

6. Determinations of W. D. Dudeckij and T. T. Sidorow along 
Obj and in Altaj in 1910. 

7. Determinations of W. D. Dudeckij and B. Weinberg along 
Jenissej in 191 2. 

8. Determinations made by B. Weinberg in 191 3 in Mongolia. 

9. Determinations of W. K. Abold in Jakutsk Territory in 191 3 
(kindly communicated in MS. to the author). 

The stations of Nos. i and 2 are designated on the chart by *, 
the stations of Nos. 3, 4, and 9, by +, the stations of No. 5, by ", 
the stations of Nos. 3, 4, and 9, by +, the stations of No. 5, by °, 
and those of Nos. 6, 7, and 8, by o. 

Owing to the lack, at present, of special investigations on the secu- 
lar variation of the magnetic declination in Northern Asia, and not 
having at my disposal sufficient data for reducing the determinations 
of the Carnegie Institution of Washington, I used the values (No. 5) 
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as published. To the results of other determinations, the following pre- 
liminary corrections to the epoch 1909.5 were added, east declination 
being regarded as minus. 

a. To Smirnow*s values of 1900 and 1901, between Celiabinsk and 
Tomsk, A = — 21'; 

b. To Smirnow's values of 1901, between Krasnojarsk and Tomsk, 
A = from — 7' to — 21' ; 

c. To Woznesenskij's values of 1896 in Jakutsk Territory, A = 
from -1-26' to 1° 29'; 

d. To Woznesenskij*s values of 1903 to the east from Cita, 
A = -fi6'; 

c. To Abold's values in 1910, A = — o^i; 

/. To Weinberg's values of 1912, A = +7', and to those of 1913, 
A = +I2'; 

g. To Abold's values in 1913, A = from — 16' to — 25'; 

h. The isogonics in the limit of the chart given by Woznesenskij 
for 1903.5 (around Lake Baikal) were only shifted somewhat to the west. 

The corrected data thus obtained were used for tracing the lines of 
equal magnetic declination. Owing to the paucity of the data, the 
curves are necessarily more or less fantastic in many places. The ex- 
peditions planned for this summer will aid in making a future chart 
more trustworthy. 

Physical Laboratory, 

Technological Institute, Tomsk, 

January 24 (February 6), 1914. 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE 
CHELTENHAM MAGNETIC OBSERVATORY, 

July 1 to December 1, 1913. 

Latitude 38^ 44', N; Longitude 76"* 50'. 5, or 5^ 07. 4^ W. of Greenwich. 



Greenwich Mean Time 


Range 


Beginning 


Ending 


D 

(Declination) 


H 

(Hor'l Int.) 


Z 

(Vertn Int.) 


1913 h m 

Sept. 7, 23 32 


1913 h 

Sept. 9, 14 


25.9 


7^3 


7 
47 



For the last quarter of 1913 Cheltenham reports "No storms during this 
period," and Tucson reports "A period free from pronounced disturbances." 

George Hartnell, Observer-in-Charge. 
O. H. TiTTMANN, Superintendent, 
U. S. Coast and Geodetic Survey, 
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KAHLER'S LUFTELEKTRIZITAT.* 

This is No. 649 of the excellent collection of scientific and technical exposi- 
tions known collectively as "Sammlung Goschen." The work in hand consists 
of four principal divisions which treat of the electric field of the Earth, the con- 
ductivity of the atmosphere, the electric current in the atmosphere, and the 
radioactive processes in the atmosphere, respectively. At the end are two short 
chapters, the first of which describes briefly the electrical effects of sun-light. 
The last chapter discusses briefly, but very satisfactorily, some of the theories 
as to the origin of atmospheric-electric phenomena. The author has digested a 
great deal of literature on atmospheric electricity, and has his subject well in 
hand. The work is strictly up to date, and one cannot read it without realizing 
vividly the main points at issue, namely, the explanation of the negative charge 
on the surface of the Earth, and of the electrification of the atmosphere. It 
might be noted, however, that those who are seeking an introduction to the 
subject would wish a more detailed description of apparatus and methods than 
is given, especially in the section on radioactivity of the atmosphere. The 
reader would also find additional or fuller diagrams helpful. 

The method employed is first to give a brief discussion of the laws under- 
lying the determination of the various elements, and then to show how the laws 
have been applied in devising apparatus for observational work. The discus- 
sion of experimental results is then taken up; first, in regard to relative and ab- 
solute values of the elements at different places on the Earth; second, in regard 
to the yearly and daily variations; third, variations with height; fourth, varia- 
tions with various meteorological factors, cosmical influences, etc. 

In regard to the electric current in the atmosphere, the author comments 
on the similarity between the daily variations of the vertical current and ter- 
restrial-magnetic intensity. On account of the small intensity of the vertical 
currents compared to those which would be necessary to produce the observed 
variations in the magnetic intensity, the author concludes that the two varia- 
tions are to be referred to a common cosmic cause. . 

The electric charges of rain and the electricity of the clouds are also 
carefully discussed. The author holds the view that the super-saturation of 
the air required in order that the moisture of the atmosphere should condense 
on the positive and negative ions, very* seldom, if ever, occurs in the atmosphere. 
The ammonium nitrate and nitrite produced in the atmosphere by the action of 
the sunlight serve as centers of condensation the same as dust particles, and are 
present in sufficient quantities to prevent such super-saturation. The condensa- 
tion of water vapor on ions is therefore regarded as responsible for hardly any 
of the charges on rain, or in the clouds. Even the absorption of ions by water- 
drops already formed is regarded as highly improbable. Such effects as col- 
lisions and splitting up of drops of water in strong electric fields appears to afford 
a promising starting-point for an explanation. The author admits that the 
Lenard effect is probably responsible for many cases in which positive rain is 
observed, but regards intense electric fields of the order of magnitude of 30,000 
volts per cm. which is jiecessar>' for the atmospheric disruptive discharges as 
totally inexplicable at present. C. W. Hewlett. 

> Kaehlbr. Karl: Luftelektrizitftt. Berlin u. Leipzig. G. J. Gdschen. 1913 (151 with 18 
figs.). 15 cm. 
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THE FREE AND FORCED VIBRATIONS OF A SUS- 
PENDED MAGNET. PART I: THEORY. 

By Harry Fielding Reid. 

Perhaps the principal use of a suspended magnet, for which 
the constants of the magnet are required, is the determination of 
the strength of the magnetic field. For this purpose it is cus- 
tomary to determine the period of oscillation of the magnet about 
a vertical axis and to calculate the strength of the field as if the 
magnet were suspended at its center of gravity and as if this 
period were independent of the swinging of the magnet as a pendu- 
lum. This introduces an error in the result, which fortunately is 
very small. Magnets often oscillate at the times of earthquakes, 
the cause of which has been much discussed. To determine whether 
a mechanical vibration can set a suspended magnet in oscillation 
about a vertical axis, we must examine the mechanical theory of 
a suspended magnet. We shall begin with the ordinary declina- 
tion needle with unifilar suspension. 

Undamped Free Vibrations. 

If a magnet were suspended at its center of gravity, its mag- 
netic axis would point in the direction of the lines of magnetic 
force: that is, it would take a position in the magnetic meridian, 
and in the northern hemisphere its north end would point down- 
wards with a dip varying, according to its position on the Earth, 
from zero at the magnetic equator to 90° at the north magnetic 
pole. 

The vertical forces acting on the magnet are: the tension of the 
supporting fiber, the weight of the magnet acting at its center of 
gravity (for simplicity the words * 'weight*' and ''mass** of the 
magnet will be used to include the stirrup and any other part 
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which moves as if rigidly fastened to the magnet), and the verti- 
cal component of the magnetic force acting upwards on the south 
end and downwards on the north end of the magnet. The re- 
sultant of the last three forces, in the northern hemisphere, will 
evidently lie a short distance nearer the north end of the magnet 
than the center of gravity, if the magnet is horizontal; and the 
supporting fiber must be attached to the magnet vertically over 
this point, which may be called the center of suspension and whose 
position is given by the relation 

Mgc^Zm (1) 

where M is mass of magnet, g, acceleration of gravity, c, distance 
from center of gravity of the magnet to the line of the support- 
ing fiber, Z, vertical component of the magnetic force, and w, 
magnetic moment of the magnet. 

With the same intensity of magnetization the magnetic moments 
of two magnets will be proportional to their masses. It is probable, 
therefore, that the values of c for various magnets used in de- 
termining the magnetic force will not differ greatly in the same 
magnetic field. 

Suppose the magnet is caused to oscillate by bringing near it 
for a very short time a second magnet, in a way to apply a small 
magnetic moment and no resultant force. The magnet would be 
deflected, but the center of gravity would remain at rest and the 
point of suspension would necessarily be displaced; the direction 
of the supporting fiber would no longer be vertical and a force would 
be developed at the point of attachment tending to make the mag- 
net swing as a pendulum. 

Suppose, on the other hand, that the magnet, when at rest, 
should receive a slight blow at its center of gravity, it would swing 
as a pendulum; the impulse would exert no moment to deflect 
the magnet about a vertical axis, but the point of attachment 
would be displaced and the resulting force at this point would 
introduce a moment about the center of gravity. It is impossible, 
therefore, for a suspended magnet, when its center of gravity and 
point of support are not in the same vertical line, to oscillate 
simply as a magnet or as a pendulum; for if one of these oscilla- 
tions is started the other is immediately set up. We shall now 
investigate the relations of these oscillations. 

In Fig. 1 let 5 iV^ be the direction of the magnetic meridian ; 
S' N' the magnetic axis of the magnet in a displaced position; 
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O the original and O' the displaced position of the center of sus- 
pension; y the displaced position of the center of gravity of the 
vibrating system, measured positively towards the 
/K'east; c the distance of the center of gravity from 
the center of suspension and d the deflection of the 
magnet, positive when the nprth end of the magnet 
is deflected towards the east. In addition to the 
symbols already given, let / be the distance from the 
upper point of support of the fiber to the center of 
oscillation of the magnet, which, with a negligible 
error, we take as the distance to the center of grav- 
ity; Ht the horizontal component of the strength 
of the magnetic field ; and /, the moment of inertia 
of the magnet about a vertical axis through its center 
of gravity. 
1 ' We shall find the motion of the center of gravity 

S and the rotation of* the magnet about this point. 

Fig. 1 The forces tending to move the center of gravity are 
the weight of the magnet and the tension of the fiber; their re- 
sultant equals this weight multiplied by 0'/ 1, We may there- 
fore write 




u^.-^^y+a) 



(2) 



where is supposed small so that we write 6 for sin 0, and unity 
for cos 0. Similarly, the moment tending to turn the magnet 
about its center of gravity consists of two parts, that due to the 
magnetic field and that due to the resolved part of the tension 
of the fiber (which equals the weight of the magnet) ; so that we 
may write 

(3) 



i».-H.e->^%+cn 



If To were the period of pendular vibrations of the magnet with 
no magnetic field we should have 



••-(l7)'-f 



(4) 



and if T0 were the period of magnetic vibration in the absence of 
a vertical component of the magnetic field,. but with the hori- 
zontal component unchanged, we should have 



I- /2 xV _ Htn 

~\tJ ~ I 



(5) 
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Equations (2) and (3) may now be written 

(6) 



^ + «.*(3' + cfl)=0 



' + (m* + Mn,H^ e + ^^^n=0 



These are simultaneous linear differential equations and can 
readily be solved. Eliminating 6 and its derivative we find 

whprp 

a = no' + n^ + Mn,UVI b = n,^n^ (8) 

a and b are both positive and all the roots of the auxiliary equation 

are imaginary, so that the solution of equation (7) is periodic, as 

indeed the nature of the problem indicates; for no damping terms 

have been introduced into the equations. , The solutions of (6) are 

therefore , , ^ n , >• / ^ n 

y= A.cosinJ- O + A, cos (n, / - O 

6 =A^| cos (nj — €,) +ife^,cos (n,/ — e,) ^ ^ 

where -4,, -4,, c,, c^, are arbitrary constants to be determined to 
fit the conditions, and 






2 (10) 



We use only the positive values of n^ and n,. 

The existence of the same constants, -4, and -4,, in the expres- 
sions for y and 6 shows that when either a pendular or a magnetic 
oscillation is started, the other is also set up. In all practical 
cases, as we shall see later, -4, is smaller than A^, h is very small 
and k is large; n^ and n, differ but slightly from n^ and m» respec- 
tively; therefore, whenever a suspended magnet is disturbed it 
swings as a pendulum with a period modified slightly from its 
natural pendular period and is perturbed by a vibration with the 
period of the magnetic oscillation; at the same time there is a 
magnetic oscillation with nearly its proper period perturbed by an 
oscillation having the pendular period. 

Let us determine how much the periods of vibration and oscilla- 
tion differ from the values they would have if the magnet were 
suspended by its center of gravity; that is, if the horizontal com- 
ponent of the Earth's magnetic field remained unaltered and the 
vertical component became zero. In this case there would be no 
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interaction between the two types of vibrations. If we substitute 
the values of a and b in equation (10), writing 

2 = -^ » (11) 

and if we neglect all powers of q greater than the first, as it is 
very small, we find 



^l '^O - ^ 2 _ „2 * ^* f^ 4. 2 _ „2 






(13) 



and after a few simple reductions 

T^-T^ ^ T^-Te ^__qTf__ 
T, r, 2 (r(?2 - To^) 

As the changes of period are very small we may say that both the 
pendular and the magnetic periods are altered by the same pro- 
portion of themselves by the fact that the magnet is not suspended 
at its center of gravity. If Td is greater than T^ the last term of 
(13) is positive, and vice versa; therefore the change is such that 
the shorter period is shortened and the longer period lengthened. 
Let us calculate the change in the period of the long magnet 
of magnetometer 26 in use at the Cheltenham Magnetic Observa- 
tory of the United States Coast and Geodetic Survey. The con- 
stants of this magnet in c. g. s. units, as kindly sent me by Mr. 
R. L. Paris, are with sufficient accuracy, m = 940, M = 98.4, 
T„2 = 4^ and Te^ = 114. With Z = 0.56 (corresponding to a dip 
of 70° 40' and H = 0.197), we find from equation (1) c = .0055 cm. 
and q = 0.000006; the change in the magnetic period would only 
be about three parts in a million, a quantity far beyond the accuracy 
attained in determining the period. Therefore in the determina- 
tion of the magnetic moment of a magnet and the strength of a 
magnetic field no appreciable error is introduced by following the 
usual method and assuming that the observed period T, is the same 
as the true period Te . 

Suppose the magnet receive an impulsive blow at its center 
of gravity, then, when / = 0, we have y = 0, dy/dt=j, 6 = 0, 
dS/dt = . Equation (10) and their derivatives give 

A^ cos €j + A^ cos e, = (a) 

n, A^ sin Cj + n,-4, sin €, =j (b) 

hA^ cos Cj + *i4, cos €, = (c) 

niA-4isinc, + w,*-4,sine, = (d) 
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(a) and (c) show that cos Cj = cos c, = . Therefore s = «, = x/ 2 , 
and sin c^ = sin c, = 1 ; and we find 



A, 



n, {k - h) 
Jh 



nAk-h) 
We get the same values if we take «, or €, or both = 3ir/ 2. Then 



i ( * . , h . A 



Remembering that A is a very small quantity, and that n^<n^ 
we see that the pendular period will dominate the pendular vibra- 
tion ; and the magnetic period will dominate, but to a less extent, 
the magnetic oscillation; the latter will be very small, as will 
also the perturbation of the pendular vibration. 

Suppose an impulsive magnetic moment is applied to the 
magnet by bringing near it momentarily another magnet, or by 
the passage of a momentary electric current; then when / = (?, 
we have y = o, dy/dt ^ o, 6 = 0, dO/dt = t. We find c^ = c, = 
t/2; ill = — i/^i (k—h), A, = i/w, (k—h) ; and 

The magnetic period will dominate both the pendular and mag- 
netic oscillations; the perturbation of the latter will be very small. 
Suppose the magnet is deflected through an angle ^o by ap- 
proaching a second magnet, and the magnet comes to rest in this 
position; this is equivalent to changing the direction of the mag- 
netic field ; if the deflecting magnet is then suddenly removed the 
suspended magnet begins to vibrate and for / = o we have 
y=-c^o» dy/di^Q, ^ = ^o» de/dt^Q, We find c, = c, = ; 



and 



\ — (1 + ck) cos ni^ -f (1 + ch) cos n^t > 
e = r-^ I - A (1 + c*) cos n,t + ife (1+ ch) cos »^ \ 



k-h 
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The pendular period will dominate the pendular vibration some- 
what; the magnetic period will dominate the magnetic oscillation 
very largely. 

As magnets are usually set in motion by a method intermediate 
in character between the three methods worked out, it is pretty 
clear that in the determination of the horizontal magnetic in- 
tensity the slow period is so much more prominent in the magnetic 
oscillations than the faster period, that the latter may be entirely 
neglected and only the former taken into consideration- 

Damped Free Vibrations. 
If the magnet is subjected to damping we must introduce 
damping terms in equation (6) and (7). If the damping is simply 
due to the air we suppose the damping force acting on each ele- 
mentary part of the magnet as proportional to the velocity of 
that part; and we may write it 2 k pvdv , where k is the damping 
factor per unit mass, p the mass per unit length, v the velocity, 
V the distance from the center of gravity of the magnet, positive 
in one direction and negative in the other, v = d y/d t + vd 0/d i, 
and the total damping force is 

— r — ¥ 

(M is the mass of the magnet, as heretofore; and v is half the 
length of the magnet.) 
The damping moment is 

(/ is the moment of inertia of the magnet) . As equations (6) express 
the acceleration of linear velocity per unit mass, and of angular 
velocity per unit moment of inertia, respectively, we see that the 
coefficients of the damping terms to be introduced into these two 
equations will be the same. This equality of the two damping 
coefficients could easily be destroyed; for instance, if vanes were 
attached symmetrically to the magnet, the damping of the move- 
ment of the center of gravity would be the same whether the 
vanes were near the center of the magnet or near its ends; but 
the damping of the rotation about the center of gravity would 
be much greater in the seoond position of the vanes than in the 
first. 
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If the magnet were damped by the presence of a copper plate, 
symmetrical with respect to the two ends of the magnet, it is not 
clear how different the two damping coefficients would be, but 
it seems probable that they would be nearly alike, and we shall 
assume them equal. 

Equations (6), with the damping terms added, become 

; (14) 

^•+2«i +"■«+'-?•' &+'•)-« 

Following the ordinary method, put y = e~*'« , 6 = e~*'0 and 
the equations reduce to 

^ + («.*-«*)tt + Vc« = 

^w. » ) (15) 

^ + (m' + 3«.'-««)* + ^« = 

Eliminating <t> and its derivatives from these equations we find 

-5^+o'-^ + &'« = (16) 

where a'=o-2K*; &'= 6 -«« (a-**) (17) 

and a similar equation in with the same coefficients. The solu- 
tion of (16) may be put in the general form 

u = Ce'''^ + C,e-»''' + C,e"''' + C.e-'''* (18) 

where »,' and »,' are the roots of the equation 
n* + a'n* + b' = 

« -a'-^ a'^-ib' 2K»-a-Va»-46 , , ,,^, 
or <*= 5L = ^ K^-n* (19) 

_„_ -a'+^ja'^-W _ 2<«-o+Vo'-4fc _ , , 
We see that n/ will be real, zero, or imaginary according as 

< 

and that n\ will be real, zero, or imaginary according as 

< 
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It is clear, therefore, that if K^<n^, u and ^, and consequently 
y and B, will be completely periodic; if k^ lies between n^ and n,^, 
the pendular vibration will be periodic and the magnetic move- 
ment will be exponential; and if K^>n^j both movements will 
be exponential. 

Only two cases interest us, 

1. K* < n,*. The solutions become 

y = i4, e~*' cos (n// — €j) + i4, «~*' cos (^ 






, (20) 
^ = Ai4, e-«' cos «/ - €j) + *4, c-«' cos (^ " ' ' 

when i4j , i4, , €j , €, are arbitrary constants, and 

n/2 = n^^ - K^ n/* = n,^ - k^ (21) 

A and ife have the values given in equation (10). This is the case 
of a suspended magnet when, as usual, the damping is not strong. 
When K =0, equations (20) and (21) reduce to equations (9) and (10). 

2. K* = n,*. The solutions are 

y^ A, e-«' cos (n// - O + (5, +B,t) 



::i 



. (22) 
^ = A^,e-«' cos (n// - O + jfe (5^+5,/) —' ' 

where A^, c^, 5i, 5, are arbitrary constants; A and k have the 
values already given. 

This is the case where the damping is exactly enough to reduce 
the magnetic oscillation to a dead beat motion. 

Forced Vibrations. 
Horizontal disturbance. —Suppose that the vibrations caused, 
let us say, by a distant earthquake, shake the building containing 
a recording declination-needle, and let us find the effect. In order 
to avoid complications, we shall only consider the east and west 
horizontal vibrations for the present. Let the E W displacement 
of the ground, and the magnet's support, be represented by 
ff = C sin p t. It is evident (see Fig. 2) that equations (6) are 
modified and become 






(23) 



Write y.,^y...^ = ^ + <^ (24) 

2 



Digitized by 



Google 



66 



H. F. REID 



[Vol. XIX. No. 2) 



As all parts of the room move together, y\ and not y will be 
the measured displacement, which we shall now determine. Sub- 
stitute the values of equations (24) in equations 
^(23), after introducing the value of (Ptf/di^, and 
add damping terms. As the air in the room, and 
any metal dampers, will all move together, evi- 
dently the damping term in the first equation must 
be proportional to d y* jd t and not to d y/d L Equa- 
tions (23) now become 




d'y 



d^ 

d'e 



2k^ + n,Hy + cB) = p'Csinpt 

de 



The solutions of these equations are 

y ^K+D, cos pt + D^sin pt 
6 =K'+E,cospt + E^sinpi 



(25) 



(26) 



K and K' are solutions of equations (14) and vary in form accord- 
ing to the value of <c; and 

-qn,* + (2Kpy\ (27) 

A A = - />*C[ (/>'-«,«) (/>«-»,») \ {p'-n^) + {p'-n^) 
- {P'-O \ -^ {P'-O {2Kpy] 

p'Cqn,H2>cp) 
c 



AJS. = - 



\iP-n,') + {p-n,') \ 



A £, = - ^^^ \ (p-n,^) iP'-n,^) - (2k/,)« } 



(28) 
(29) 
(30) 



where 

A = j (p'-n.^y + {2Kpy \ I {p^-n,r + (2x/,)«f (31) 

We may if we prefer, write, instead of the second equation (26) 

e = K' + E cos (pt-S) (32) 



where 
and 



E- yjE, +E, ---^ 



. . _ {p-n,^) ip'-n,^) - {2k py 

2 K^ )(/.'-«,*) + (/>'-M.^)} 



(33) 
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and we consider both sin 8 and cos 8 as positive. The correspond- 
ing expression for y is not so simple and need not be written. 

Expressing E in terms of the period ratios, we get 

_Cg P'/T* 

~ c { (1 -P«/r,»)«+4(Kr,/2ir)«P»/r,«{^ \ (l -P»/T,*)'+4(Kr,/2ir)»P»/T,»(X 

(34) 
This form is closely analogous to the expression for the magni- 
fying power of seismographs for tilts/ and lends itself easily to 
calculation: for 

• (k T/ 2iry = log*€ / (1.862 + log^c) 

P is the period of the disturbance, c is the damping ratio, and 
the logarithm is taken to base 10. The last terms in the two 
factors of the denominator of (34) are equal. 

Equation (34) shows how the amplitude of the oscillation 
will vary with the period of the disturbance ; for very small or very 
large values of P, E will become very small; and if the damping 
is not too large, E will have maxima for values of P a little less 
than Tj or T,; if the damping is very small the maximum values 
of E may be very large. Similar variations hold for the ampli- 
tude of the pendular swings, as appears from a consideration of 
the values of -D, and -D,. 

The characteristics of the movement can be shown more clearly 
by considering the result of making p equal to Wj or n„ when the 
damping is small enough to be neglected entirely. If the magnet 
is at rest at time / = 0, when the disturbance C sin p t begins, we 
get the following solutions: 

1. /> = n, 

, n,^C ( k ^ , / * . A \ 



sin n,t + .J^; o. sin nj 



-SfS-r^'-«.'-"(ii?+=7^)' 



(35) 






^The California Earthquake of Apr, 18, 1906, Vol. II, p. 172. 
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2. /> = «, 

, K.' C ( A , , . / k . h \ 



fen, 
^^^ ^«^ " ^ r^2 ^^^ sin nj 



•-Sl{li"-"-' + "(v^ + 2^) 



(36) 



n, (n,^ — n,'; 

These equations show that a disturbance having either the 
period of the pendular swing or of the magnetic oscillation will 
set up large movements of both kinds. The equations (35) and 
(36) do not hold rigidly, for it is never possible to avoid all damp- 
ing, and even a very slight damping will make itself felt in time; 
moreover, the conditions on which the solutions were obtained 
are limited to small movements. We must therefore interpret 
the factor I cos n t not as increasing indefinitely with the time, 
but merely as being the most important term in the equations, 
and as showing fairly well the relative amounts of the amplitudes 
in the two cases considered. 

With these limitations we note that if the disturbance has the 
period of the pendular swing, the magnet will swing as a pendulum 
and oscillate magnetically in this period, with relatively large 
amplitudes; but the oscillation of the magnet in its own period 
will not become large. If the disturbance has the period of the 
magnetic oscillation, both the pendular swing and the magnetic 
oscillation will become large with this period; but the movement 
with the period of the pendular swing will remain small. This is 
riot simply a case of a periodic force picking out and emphasizing 
in a mechanical system a special movement whose natural period 
of vibration corresponds to its own, such as when a sounded note 
sets in vibration a piano string attuned to it; but a periodic force 
with a period natural to one type of movement of our system sets 
up a large vibration of the same period in another type of move- 
ment to which this period is not natural. The reason of this is 
perfectly clear; it lies in the reactions due to the fact that the 
center of gravity of the magnet does not lie in the line of the sup- 
porting fiber. 

We may view the matter somewhat differently; we may say 
that, according to equations (9) there are two periods, both of 
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which are natural to each type of movement, and therefore a 
periodic force of either period will set up large movements of each 
type. We must, however, add that in each type, one of the periods 
is not purely natural but is imposed by the other type of move- 
ment; and the large movement of this type is not the result of a 
direct action of the force upon it but is communicated to it through 
the movement of the other type. 

It is interesting to note the relative effects of periodic dis- 
turbances of the pendular or magnetic period in setting up the 
two types of motion. To determine approximately the amplitude 
after some time, we have only to consider the coefficients of cos 
n^ t and cos n, t, as they will be much larger than the other coef- 
ficients. 

We find the ratio of the pendular amplitudes in the two cases, 
after the lapse of equal times, approximately 

and a disturbance with the pendular period causes a much greater 
pendular swing than one with the magnetic period. If the dis- 
turbance had acted for the same number of vibrations in the two 
cases, the ratio would have reduced to \/q; which is still a very 
large quantity. For the ratio of the angular amplitudes of the 
magnetic oscillations we find 

that is, the amplitudes are inversely as the periods; and as the 
magnetic is usually much longer than the pendular period, we see 
that a disturbance with the pendular period will cause a larger 
magnetic oscillation in a given time than if it had had the mag- 
netic period. This is evidently due to the fact that, with the class 
of forces we are considering the magnetic oscillations are set up 
through the pendular vibrations. If the disturbance had acted for 
the same number of vibrations in the two cases, they would have 
produced equal angular amplitudes. 

When a magnet has a bifilar suspension, the resultant of the 
tensions of the two fibers must evidently be equal to the weight 
of the magnet, must be vertical and must pass through the center 
of suspension. These conditions hold whether the points of attach- 
ment of the fibers are or are not at equal distances from the center 
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of suspension. In both cases the bifilar magnet acts like a unifilar 
so far as pendular vibrations are concerned. In the second case 
the tensions of the two fibers are inversely as the distances of the 
fibers from this center; and when the magnet is held at right 
angles to the magnetic meridian by the twist of the fibers, the 
fibers must have different lengths, or the magnet will be slightly 
tilted. The method of attachment in the Kew pattern insures 
equal tensions of the fibers, and therefore symmetry with respect 
to the center of suspension. 

If /' is the length of the fibers, 2a and 26 the distances between 
them at their lower and upper ends, and a the angle of twist, 
the well-known approximate condition of equilibrium when the 
fibers are attached to the magnet at equal distances from the 
center of suspension, is 

— jj— sm a = mH (39) 

where 2t = M g. If the fibers were attached to the magnet at 
distances lea and 2(1— e) a from the center of suspension, 
respectively, the equation would take the form 

4 Mgab (1 — e) e 



V 



-sina = mH (40) 



but for the sake of simplicity we shall confine our attention to the 
case of symmetry. 

If the center of gravity of the magnet is displaced through a 
small distance y and the magnet turned through a small angle B 
(increasing a) the center of gravity is subjected to a force of resti- 
tution Mg {y + c6)/l, and a moment is developed equal to 
Mgab cos a. $/V+ M gc (y + c 6)/ 1; the corresponding equa- 
tions of motion are similar to equations (2) and (3) of a unifilar 
magnet, the only difference being that mH is replaced by Mgab 
cos a//'. (We have assumed the displacements so small that we* 
may neglect the slight change in the tension of the fibers). It 
follows, therefore, that the characteristics of the small move- 
ments of a bifilar magnet are the same as those of a unifilar mag- 
net. Pendular and magnetic oscillations will always coexist; 
they will have two natural periods given by equations (19) (after 
replacing m H as above) ; and a horizontal shaking of the support 
in a north-south direction will produce a pendular swing and a 
magnetic oscillation, both of which will become relatively large, 
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if the damping is small, and the period of the disturbance ap- 
proaches either of the natural periods. 

The magnet for measuring the vertical component is usually bal- 
anced horizontally in the magnetic meridian on a knife edge, with 
the center of gravity a little below the support. If the support 
is shaken horizontally in a north-south direction according to the 
expression X sin />/ a moment is developed at the knife-edge 
tending to rotate the magnet. If the magnet is displaced through 
an angle ^ {+ when the N end is depressed) 
the moment developed \sfo—foc\l/, where/ 
N is the horizontal force at the support, o the 
distance of the center of gravity below the 
knife-edge, and c its distance south of the 
knife-edge. The moment of restitution due to 
the magnetic field and to the displacement of 
the center of gravity is — {mH + M go)\l/ . 
We may, with sufficient accuracy, replace /by — mp^ X sin pt y 
and our equation of rotation becomes 

/^ + {mH + Mgo - Mcp^Xsinpt) ^ = mop'Xsinpt (41) 

The solution of this equation can only be found approximately; 
it is a form we shall meet when we consider vertical disturbances; 
for the present we note that the periodic term on the left side is 
so very small in comparison with that on the right (for c^ is ex- 
tremely small in comparison with o) that we may neglect it and 
then the equation reduces to the ordinary form for forced oscilla- 
tions. If the support is at rest so that both periodic terms disap- 
pear, equation (41) represents the free vibrations in the meridian 
plane of a vertical component magnet. 

We see then that all three forms of recording magnets can be 
set in magnetic oscillation by a horizontal movement of the sup- 
port. One particular component of the disturbance will be most 
efficient in setting up magnetic oscillations; the component at 
right angles will have no appreciable effect so long as the oscilla- 
tions are very small. 

Small periodic variations in the direction of the magnetic force 
would not materially affect a bifilar or a vertical-component mag- 
net, but would set up a pendular swing and a magnetic oscillation 
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in a unifilar magnet. Equations (14) would apply to this case on 
the addition of a periodic term to the right side of the second 
equation; and their solutions would be of the form of equations 
(26), but with different values of the constants. 

Small periodic variations of the horizontal intensity would not 
affect a unifilar nor a vertical-component magnet, but would cause 
movements of a bifilar magnet, the equations for which would be 
similar to those just mentioned. 

(To be dontinued.) 
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ON THE NON-CYCLIC CHANGE. 
By L. Steiner. 

In the following paragraphs is given a short account of the 
investigations, which I have made, concerning the non-cyclic 
change. Although the investigations are of a somewhat fragmentary 
character, yet it seemed worth while to publish the results, as they 
contribute something, at least, to our knowledge of this non-qyclic 
change. 

1. The non-cyclic change, as defined by Doctor Chree,^ is the 
difference of the two consecutive midnight-values of the magnetic 
elements on a quiet day. Instead of taking the difference of the 
midnight-values, I have taken the difference of the daily means 
on two consecutive quiet days. I have chosen the observations 
at the magnetic observatories of the United States Coast and 
Geodetic Survey, the uniformity in the selection of the quiet days 
for the different places being thus, I assumed, best secured. The 
geographical positions of these places are : 

Latitude Longitude 

(North) (West of Greenwich) 

o / o / 

Sitka 57 03 135 20 

Baldwin 38 47 95 10 

Cheltenham 38 44 76 51 

Honolulu 21 19 158 04 

Vieques, Porto Rico 18 09 65 26 (old location.) 

In Table I are given the mean values of the differences of the 
daily means on two consecutive quiet days, noted by a * in the 
publications.* A2^, AH, A V are these differences, respectively, 
in declination, horizontal intensity and in vertical intensity, east 
declination being taken as positive. The data not available to 
me were kindly supplied by Mr. R. L. Paris. What strikes one 
most, is the general constancy of sign (and in general, too, its 
amount for the same station) of AH (+) and of AF (— ); the 
sign and amount of AD is very changeable. 

> Studies in Terrestrial Magnetism, London, 1912. pp. ^3-32. 
* Hazard: Results of Observations, etc.. Coast 6" Geodetic Survey. 
3 73 
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In Table II is given the distribution of the signs of the dif- 
ferences. The numbers in parentheses give the same distribution 
when the total number is equal to 100. 

Table III contains the differences of the daily means (for 
horizontal and for vertical intensity) on each two consecutive 
quiet days (magnetic character 0.0 to 1.1) for Pola, Potsdam, 
O'gyalla for a few years. At Pola for A V there were taken those 
consecutive quiet days in which the daily amplitude was less than 
the mean daily amplitude for the month. 

The distribution of signs in percentages, and the total number 
of dates, are contained in Table IV. 



Table III. 



Year 


Pola 


Potsdam 


O'gyalla 
















AH 


AV 


AH 


AV 


AH 


AV 




7 


7 


7 


7 


7 


7 


1903 


+2.6 


-0.7 


-hi. 6 


+0.1 






4 


1.8 


-hO.4 


+2.3 


-0.8 






5 


2.5 


-0.5 


+ 1.6 


-1.5 






6 


1.7 


-0.8 


+ 1.6 


-0.8 


+3.6 


+0.4 


7 


2.6 


-0.3 


+2.7 


-1.3 


+ 1.4 


-1.5 


8 


1.7 


-0.6 






+3.0 


-0.9 


9 


2.1 


-0.1 











Table IV. 



Station 


AH 


AV 


+ 





- 


Total 
No. of 
dates 


+ 





- 


Total 
No. of 
dates 


Pola, 1903-'09 
Potsdam. 1903- *07 
O'gyalla, 1906-'08 . 


71 
86 
76 


1 

2 


28 
14 
22 


567 
50 
46 


45 
27 
38 


1 
2 
4 


54 
71 

58 


795 
164 
290 



Some attempts with Tokyo, Manila, and Mauritius did not 
give as definite a result, but throughout there is a tendency for the 
plus sign in Afl", and the minus sign in A V. 
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From the two consecutive midnight values on calm days, 
exhibited in the Preface of the "Bulletin des Observations," we 
have for Zikawei (east declination positive) : 

Year AD AH A 7 

'77 

1904 -h0.17 +2.9 -1.8 

1905 .01 1.8 2.8 

1906 .04 3.2 0.9 

1907 .02 2.6 0.2 

In all these cases there is a strong tendency to give + a sign 
for A-ff, and a — sign for A V. 

Although the above calculations embrace only a few years, yet 
they show the general tendency towards regularity of the dif- 
ferences of daily means on two consecutive quiet days. 

2. If on two consecutive quiet days we form the difference for 
every hour, we get what we may consider as the "non-cyclic" 
change for the different hours. Forming the difference of every 
hour and diminishing these differences by the difference of the 
daily mean values on these two consecutive quiet days, we get the 
diurnal inequality of the non-cyclic change. This diurnal in- 
equality shows how the difference of the daily means on the two 
consecutive quiet days originated. 

Proceeding in this way my expectation of finding a regular daily 
inequality has not been entirely fulfilled. Although there was a 
tendency to regularity, I could not get a definite result. But things 
changed when I separated those pairs of consecutive quiet days, 
whose differences were positive, from those with negative differences. 
And I found a regular inequality, which may be expressed as follows: 

From the morning hours (about 7»»-9*» a. m.) to the afternoon 
hours (4»»-6*» p. m.) the differences are of the same sign as the dif- 
ference of the daily means ; during the night hours they are of con- 
trary sign. Or, in other words, if the difference of the daily means 

on two consecutive quiet days is j JegaJJ^e, then the differences 
from morning (about 7 ^-9^ a. m.) till afternoon (about 4"»-6»» p. m.) 

{greater 
less, and during the night (about 6»» p. m. to T'* a. m.) they 

f less 

( greater, than the difference of the daily means. 
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This rule holds good for the declination as well as for the hori- 
zontal and vertical intensity. For Sitka (probably on account of 
the disturbances, which play here a greater part) the rule is not 
so conspicuous in all the years, as for the other stations of the Coast 
and Geodetic Survey, to which the investigations apply. 

As a sample, I give in Table V the results for Baldwin in 1907. 
In the second column we find the mean value of the differences on 
two consecutive quiet days, in the third column the number of 
those pairs of days, from which the results have been derived. 
The daily inequality values given in Table V are smoothed-out 

values, obtained by the formula j 

My investigations so far do not show a definite difference in 
this inequality at different places, but more exhaustive researches 
may disclose them. There remains the possibility that the in- 
equality, stated above, may be only a consequence of the fact that, 
in general, the elements are changing more during the day time 
than during the night. 

3. The daily amplitude in the diurnal inequality gives, in gen- 
eral, a hint about the character of a day in such sense, that on 
disturbed days the amplitude is larger. Proceeding from this re- 
mark, I took the observational data for Pavlovsk and divided the 
days into two classes, viz. : those in which the amplitude is less or 
equal (class a), and those in which it is greater than the average 
daily amplitude of the month (class b). In case very great dis- 
turbances have taken place on some days, the average daily ampli- 
tude of the month has been corrected by omitting these highly 
disturbed days. But such corrections, in most cases, did not con- 
siderably affect the mean monthly amplitude given in the publi- 
cations.' Calculating the differences of the daily means on such 
two consecutive days, we form two groups of these differences. 
In the first group (^4), we put the differences of all the consecu- 
tive days belonging to class a; in the second group (5), we put 
the differences of all other consecutive days belonging either both 
to class 6, or the one to class a, the other to class b. In this way 

* AnnaUs de I'Observatoire Physique Central Nicolas. 
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we have obtained the results for the horizontal intensity (Ai?) 
and the vertical intensity (AF), exhibited in Table VI. Some 
very large disturbances have been excluded and sometimes the 
difference between the first day of a month and the last of the 
preceding month has been omitted. 

The mean differences in Table VI show a very peculiar char- 
acter. Comparing columns 5 and 9 for A-ff, 13 and 17 for AF, 
we see that the differences in group A have the opposite sign to 
those in group B (except A F in 1898). The differences in group A 
have the same sign that has been found for the non-cyclic varia- 
tion on quiet days. This opposite character of groups A and B 
illustrates the fact already mentioned and discussed by Chree 
{Studies in Terrestrial Magnetism, pp. 29-31) that the non-cyclic 
change on disturbed days is of opposite sign to that on quiet days. 
Taking into account that in the majority of cases disturbances 
tend to diminish H and increase F, this seems quite natural. The 
return from the disturbed values to the former undisturbed values 
takes place, in general, in the form of quiet days, and thus the 
differences of the daily means on two consecutive quiet and two 
consecutive disturbed days must generally be opposite in sign. 
In this conception what we consider as **non-cyclic" change on 
quiet days might be considered what Doctor van Bemmelen called 
"Magnetische Nachst5rung." 

The method we followed for Pavlovsk, when applied to other 
stations, does not always give such definite results as above. 
Thus, for instance, some attempts made with the observational 
data of Greenwich show for the horizontal intensity (1897-1906) 
that although there is a tendency to give positive differences for the 
group A and negative for B, this rule does not hold for every year. 
Potsdam gives results similar to those of Pavlovsk, but the investi- 
gations have only been made for two years (1905-1906). The 
results are: 1905 1906 

7 7 

AH, groups +1.9 +1.3 

" B -1.0 -0.9 

A7. group i4 -0.8 -0.5 

•* B +0.6 +0.3 
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We are aware that putting in the same group B, the pairs of 
days ba (consisting of one day of class a and a precedent day of 
class b) with those formed by two consecutive days of class b and 
with the pairs of days ab (a day of class b and the precedent day 
of class a) impairs our above reasoning since the day group ba 
might, according to the above assumption, rather be put in group A . 
But the number of these pairs (ba) in comparison with those of 
bb and ab is small, and our interpretation of the opposite signs of 
groups A and B will, in the main, be correct. 
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THE THEORY OF ELECTRICAL DISPERSION INTO THE 

FREE ATMOSPHERE, WITH A DISCUSSION OF THE 

THEORY OF THE GERDIEN CONDUCTIVITY 

APPARATUS. AND OF THE THEORY OF 

THE COLLECTION OF RADIOACTIVE 

DEPOSIT BY A CHARGED 

CONDUCTOR. 

By W. F. G. Swann. 

Riecke has shown^ that if a charged sphere is placed in a stream 
of air, it loses its charge at a rate given by 

'^ = 4TQnev (1) 

where Q is the charge on the sphere, n is the number per c. c. of 
ions of opposite sign to the charge Q, v is the specific velocity of 
these ions, and e is the ionic charge. 

The deduction of the expression (1) is not as simple as might 
at first sight appear, and it is necessary to be on one's guard against 
forming a proof which, while leading to the result (1), is unsound 
in principle; in fact, the expression (1) would not be true for 
quiescent air. It is only true, as Riecke has pointed out, when 
there is an air-current of sufficiently high velocity to enable us to 
neglect the effects of diffusion, reformation, and recombination of 
ions. Riecke obtained the expression by calculating the- paths of 
the ions under the combined action of the field and of the air 
velocity. In a previous communication* I have shown that the 
expression is true for a uniformly charged wire, but, as far as I 
know, no general proof has been given that the relation holds when 
the air does not flow in parallel stream lines with uniform velocity, 
and when the charged body has any arbitrary shape. The truth 
of the result, under the conditions stated, seems, however, generally 
to have been assumed in consequence of the experimental fact that 
a freely exposed body loses its charge at a rate proportional to the 
charge. It is the object of the first part of this paper to give a 
proof for the general case. 

It may be remarked, that in the proof given by Riecke for the 
case of a sphere, an additional assumption is made other than 
those above referred to, namely, that the field at any point is 

1 AnnaUn der Physik, vol. 12. page 68, 1903. 

> Journal Terr, Mag, and Atmos. Eiec, March. 1914. 
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simply that due to the charge on the sphere and is not appreciably 
affected by free charge in the air around the sphere, resulting from 
the motion set up in the ions. It is easy to see that as the air streams 
past a charged body, the ions of like sign to the charge on the body 
will be deflected, away from the body, so that in front of the body 
there will be a tubular region extending off to infinity in a direction 
parallel to the air-stream, which will have no ions of this sign in it. 
There consequently will be a field due to the free charge in the air 
round the body, but it is easy to see that the greater the velocity 
of the air-stream, the narrower the region in which free charge 
exists, and the more contracted the regions generally in which ex- 
cess of one kind of charge is to be found, so that in view of the 
comparatively small number of ions per c. c. of either kind in the 
air, the field due to such causes is not likely to be serious unless 
the air-current is extremely small. 

In the investigation which follows it will be assumed that the 
air-current is sufficiently large to enable us to assume that the field * 
at each point is that due to the charge on the body, and it may 
be mentioned that any uncertainty as to the exact extent of the 
error which may exist in the present proof from this cause exists 
equally as prominently in proofs for special cases such as that of a 
sphere or wire immersed in a stream of uniform velocity. 

-dO 
Proof of the Expression --^ -^irQnev 

Consider a charged body A, Fig. 1, of any shape, immersed in 
air which is moving with sufficient velocity to enable us to assume 
that the force at external points is that due to the charge on the 
body alone, and that we may neglect recombinations and reforma- 
tions of ions. If we draw any surface round A, the theorem of 

Gauss tells us that if Q is the charge on A, ^'kQ= j j Ryds, where 

Ry is the force resolved perpendicular to the surface at any point, 
ds is an element of surface, and the integration is taken over the 
whole surface. 

Let us consider the initial instant at which the body is charged, 
and to fix our ideas, let us assume the charge to be positive. If n 
is the number of negative ions per c. c. just before charging, then, 
at the instant of charging 

iirQnev = j j nevR^ds (2) 
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Now J J nevRpds is the flux of charge through the surface we 
have drawn, for if F is the flux in question 

F = Jf (R^v + u^) neds 

where Up is the resolved component of the velocity of the air 
perpendicular to the surface at any point. 

Thus F=j fnevR^ds + nej ju^ds 

.where for the moment we are only considering the expression true 
at the initial instant, which assumption has enabled us to take n 
outside the integral. 

Now the integral j j u^ds is the very integral which would 

occur in the expression for the increase per second of the air within 
the surface, so that the very continuity of flow of the air (not 
necessarily of the ions) carries with it the conclusion that this 
integral is zero. 

Thus F =JjR^ nevds (3) 

Thus \i — -~ represents the initial rate of increase of the charge 

in the body we see from (2) that — -^ = ArQnev , since (3) 

applies to any surface surrounding the body, and so to the body 
itself. 

Now, the result is not only true at the initial instant, it is true 
for all time, for, as we shall proceed to show, the motion of the 




Fig. 1 

ions is not such as to disturb the uniform distribution originally 
existing. In order to establish this, let C I> F £, Fig. 1, represent 
a tube of flow of the ions (not of the air-currents). The shapes of 
the tubes of flow will be the same for all time from the initial in- 
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stant, since their equations are governed only by the electric field 
and the velocity of the air-currents. The axis of the tube need 
not be in a plane, though for convenience in drawing it is repre- 
sented so in the figure. Consider any portion 12 of the tube of flow 
represented by the section H L M K, Applying Gauss's theorem 
to 12 we have, in view of our assumption as to the smallness of the 
free charge in the air. 



// 



the integral being taken all over 12. The same kind of argument 
as we have applied to the surface surrounding A shows us that 

J J nvRyds represents the rate of increase of the negative ions 

in the space 12 at the initial instant. Since at the initial instant 
n is the same at all parts we thus see that 



//■ 



nvR^ds^Q (4) 

Hence the same number pass across HK as across LM and a 
similar remark applies to all the tubes of flow. Hence, since the 
density of ions is constant along the tube at the initial instant, 
it will remain constant at the next instant, and so on, provided that 
the tube extends without interruption to infinity. If the tube 
does not extend to infinity there will be an infinitesimal region, 
near its end, where (4) ceases to be true even at the initial instant. 
This region will extend along the tube at a finite rate as time goes 
on, and in a finite time will extend up to the charged body. If, 
however, the tubes coming from the body extend to infinity the above 
statement as to the constancy of the number of ions per c. c. re- 
mains true for these stream lines, and the equation — ^ = ^Qnev 

at 

represents the rate of supply of charge to the body A. As an 
example of the limitation imposed by the above discussed condi- 
tion we may consider the case of a body surrounded by a cylindri- 
cal shield, open at both ends, and with its axis parallel to the air- 
current, in which case the shield would have to be so wide that if 
we calculated the outermost paths of the ions which come to the 
body, these paths would be found to enter the outer cylinder with- 
out touching it. 

It will be noted that the above proof of the expression (1) is 
independent of the assumption of a uniform velocity of the air, or 
of parallelism of the stream lines. This generalized proof of the 
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expression will, I think, be found of use in enabling us to form a 
more exact picture of the state of affairs existing in certain pieces 
of apparatus used in atmospheric-electric measurements, and to 
predict more certainly the limitations of such apparatus, than 
would be possible on the simplified proofs for special cases usually 
given. As an example of this, I shall consider the theory of the 
Gerdien conductivity apparatus. 

Remarks on the Theory of the Gerdien Conductivity 
Apparatus. 

This apparatus, it will be remembered, consists of a central 
cylinder about 24 cms. long, and 1.4 cms. in diameter, Fig. 2, 
mounted within a large cylinder 56 cms. long and 16 cms. in diam- 
eter. The inner cylinder is connected to an electroscope and is 
insulated from the outer one. A current of air is drawn through 



A 



Fig. 2 

the apparatus by a fan, and the central cylinder having been 
charged, the rate of movement of the electroscope-leaf is noted, 
from which observations the conductivity can be calculated. The 
demonstration by Gerdien of the action of this instrument is on 
the following lines.' 

If E is the charge per unit length of the central cylinder, the 

2 E. 

force at a distance r is ' The air is assumed to move with a 

r 

constant velocity over the cross section, and the equations of 

motion of the ions are calculated. 

If U is the velocity of the air-current, fa the radius of the outer 

cylinder, ti the radius of the inner cylinder, / the length of the 

inner cylinder, and V the potential difference between the two 

• Terr. Mag, and Atmos. EXec, Vol. X. June. 1905. 
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cylinders, it turns out that all the ions entering within a radius 
fo given by 

(r2-r?)C/=p^^^ (5) 

^ ' log fa/ n 

reach the cylinder. The ion which enters at the radius r^ just 
strikes the end of the central cylinder. The number of ions enter- 
ing per second within the radius r© is 7r(rl'-r^)n £/, so that 
making use of (5), the expression for the rate of supply of elec- 
tricity to the central cylinder is, — 1~ = i -, — . If C, is 

^ dt logfa/ri 

the measured capacity of the central cylinder, and electrometer, 
we thus have 

^dV ^ lirnevlV 
* di log fa I Ti 

If the potential falls from F, to V, in the time T we consequently 
obtain 

plog-K.=4.«e.{2^^^^| (6) 

which is the formula given by Gerdien from which the unipolar 
conductivity » ^ v is to be calculated. 

Now, if we examine the matter closely, I think we shall see 
that this formula as it stands can not lead to accurate results. 
It will turn out, however, that if we replace // (2 log fa /r,) by the 
actual measured value of the capacity of the cylindrical condenser 
consisting of the central cylinder and its connecting rod (i. e., the 
portion of the insulated system exposed to the air-current), which 
we shall call C, we get a formula* which is correct. This formula 
is thus 

C,\og^=^TrnevCT (7) 

The quantity //(2 log fa /r,) is what we should calculate for C 
on the assumption that the apparatus was a portion of two in- 
finite concentric cylinders. In an actual Gerdien apparatus it 
differs from the true value of C by a considerable percentage of its 
value. Taking the case of an actual instrument the following meas- 
urements kindly made for me by Dr. Hewlett and Mr. Johnston 
in this Laboratory, show the extent of the differences existing. While 
for the piece of apparatus in question //(2 log ta /ri)= 4.9, Dr. 

< In some books the formula is quoted apparently in this form, but only because the quantity 
C in such cases seems to have been considered equivalent to //(2 log r q /r,-). which in the actual 
apparatus turns out to be quite different to the measured capacity. 
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Hewlett and Mr. Johnston find 6.8 for C, the measured value. 
Thus we find that if (7) is correct, (6) as it stands would give 
values of the conductivity 39% too high.* The fact is that the 
assumption of 2 E/r for the force is quite wrong for such a short 
cylinder. Moreover, the neglect of the effect due to the rod con- 
necting the central cylinder to the electroscope is not permissible. 

The following demonstration of the theory of the apparatus 
places the matter, I think, on a much surer foundation. 

As we have seen, whatever the shape of the charged body, 
the amount of charge coming to it per second is 4t ^ n e v, where 
Q is the charge on the body, or rather the portion of it exposed to 
the air-current. Thus if q is the charge on the electroscope 

— -7- {q + Q) = 4t Qnev and if C is the measured capacity of 

the portion of the insulated system exposed to the air current^ 
and C, the total capacity of the insulated system including the 
electroscope 

-C,^ = ATCVncv (8) 

which on integrating over the time T leads immediately to 

V 
Ci log -T^ = ^irnevCT 

which is equation (7). 

It will be seen that the theory is not limited to the case where 
the central conductor is a cylinder. It may be of any shape, and 
it will be noted that the demonstration takes account of the pres- 
ence of the rod supporting the central cylinder. It will further 
be noted that the above general theory of the method does not 
require that the air shall move with a velocity which is constant 
over the cross section of the air-current. This fact can be shown 
on the lines of Gerdien's demonstration (See appendix to this 
paper), but as we have said, this method of treatment suffers from 
the defect of considering the problem on the lines of that of infinite 
cylinders. 

We can easily deduce the conditions which limit the applica- 
bility of the apparatus, for if the stream-lines of the ions were 

• The supporting rod of the instrument in question is rather wide. Tests recently made on 
an instrument of normal dimensions give a correction of the order of half this amount. 

The arguments with regard to the Gerdien apparatus apply also to the Ebert ion-counter 
when used for measuring the specific velocity. The error in this case would be smaller, however, 
owing to the closer approximation of the apparatus to a pair of infinite concentric cylinders. 
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drawn there would obviously be one set, enclosing a cylindrical 
surface, such that the ions traveling along this surface only just 
succeeded in getting to the charged conductor. All the ions 
describing paths within this surface would reach the conductor. 
In {he case of a central conductor of irregular shape this cylindrical 
surface would of course not be a circular cylinder. For rigorous 
applications of the apparatus it is necessary that this cylinder 
shall nowhere touch the outer cylinder of the apparatus. Strictly 
speaking, the presence of the rod supporting the central cylinder 
prevents the condition ever being rigorously satisfied, for the 
ideal paths of the stream lines going to the bottom of this sup- 
porting rod must always strike the outer cylinder of the apparatus. 
A little consideration will show that the error in this respect is 
probably small, except for very slow velocities of the air. It 
is only the bottom end of the support which is affected.^ 

In the case of an isolated central rod as postulated in Gerdien's 
deduction, the critical boundary will be a circular cylinder of 
radius (say) r© . li W is the volume of air passing in within the 
radius fo per second, r© of course automatically adjusts itself so 
that W satisfies the condition ^ Qnev = W ne since all the ions 
describing paths within the critical boundary reach the central 
conductor. The maximum volume which W can have is repre- 
sented by the total volume of air entering the larger cylinder per 
second, so that if W^ is this value we must have At Qv = W^, i, e., 
At CVv =W^. If F is greater than this, the apparatus merges 
into an Ebert ion-counter, and increasing V does not cause an in- 

dV 
crease m — 3- . 
at 

Comparison of Conductivities as Measured by 
Different Methods. 
We have seen that in the case of the Gerdien apparatus 
the formula usually quoted gives too high a result. In an appa- 
ratus of normal dimensions, the error is about 20 %, so that if the 
true conductivity is represented by 100 arbitrary units, this method 
would give 120. In a former paper' I have discussed the theory of 
the method of measuring the conductivity by noting the alteration 
of potential of a stretched wire exposed to the atmosphere and sur- 

• a slight modification of the shape of the outer cylinder in the direction of making it funnel- 
shaped, with the air entering at the wide end would reduce such error by allowing space, as it were, 
for the stream-lines of the ions. 

' W. F. G. SwANN. Ten, Mag. and Atmos. Etec.. March. 1914. 
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rounded by a net,* and have shown that if the ventilation of this 
apparatus is so small that the component velocity of the air per- 
pendicular to the wire is as small as 20 cms. per second, then, 
owing to the charge on the net resulting from the atmospheric 
potential-gradient, this apparatus might give a conductivity only 
about 0.65 of the true value, that is 65 of the above arbitrary units. 
There is thus a possibility of the conductivity as measured by this 
second method being about 65/120 (that is, only about half) of 
the conductivity as measured by the Gerdien apparatus. It is 
interesting to notice that the results as recorded by the stretched 
wire-method are actually only about half of those usually found by 
the Gerdien apparatus. I do not wish to place any great stress 
on the numbers here quoted for the relationship between the con- 
ductivities measured by the two methods, since it is impossible to 
form a fair opinion unless one makes measurements by the two 
methods simultaneously at the same place and notes carefully the 
magnitude of the quantities which theory shows to be responsible 
for the discrepancy. I nevertheless think it is of interest to realize 
that it is possible under frequently occurring conditions to obtain 
values of the conductivity by these two methods differing by 100% 
of the smaller value, if Gerdien's formula is employed. 

The Theory of the Collection of Radioactive Deposit by a 
Charged Conductor. 
Relative values of the radioactive content of the atmosphere 
are frequently obtained by suspending a wire in the air, charging it to 
a potential of —2,000 volts, and after leaving it for two hours in this 
condition, determining the activity-curve when the wire is wound 
on a frame and enclosed in an ionization-chamber. I have given 
the theory of this phenomenon in a former paper^ for the special 
case where the charged conductor is a wire ventilated by a current 
of air in which the velocity is uniform over a cross section. The 
theory for dispersion into the free atmosphere developed in the 
present paper enables us, however, to put the theory of the col- 
lection of the active deposit into a more general form applicable to 
a charged conductor of any shape placed in an air-current in which 
the velocity may vary in any way over the cross section, being 
subjected to no restriction except that it must be large enough. 

• K. Kaehler. Berlin, Ver6ff. Met. Inst., No. 223. 1910. 

• W. F. G. SWANN. Journal Terr. Mag. and Atmos. Elec, Vol. 19, March. 1914, page 37. 

I take this opportunity of correcting a tlip in this paper. The quantities e e^ e^ e^ should in 
every case be omitted on page 37. 

5 
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We have seen that the expression "-jz ~ ArQnev applies 

uniformly whatever the shape of the charged conductor and ir- 
regularity of the air-current. Consequently, with the same gen- 
erality the number of charged carriers reaching the charged body 
per second is At Qnv. The same law governs the collection of 
active deposit by a negatively-charged conductor exposed to an 
air-stream; so that if N is the number of active carriers per c. c. 
of any kind and v the specific velocity, the number of carriers 
reaching the charged body per second is 4tQNv; that is 
4t K V Nv where V is the potential of the body due to the charge 
on it, and K its measured capacity. If M is the mass of an active 
carrier, ^ KV M Nv represents the mass of active deposit 
brought to the wire per second; so that if m is the mass of the 
material on the wire, and X is the constant of radioactive charge, 
we have, in the steady state, m\= ^ KV M Nv, provided 
that there is in the atmosphere only one kind of active material 
which is charged. 

Thus, if we know the amount of active material on the wire 
in the steady state, and the specific velocity of the carriers, we 
can, in terms of measurable quantities, determine MN, that is 
the mass of active material per c. c. 

If there is in the atmosphere a substance which we shall de- 
note by the suffix 1 which transforms successively into substances 
denoted by suffixes 2, 3, 4, etc., which substances themselves are 
charged, the equations governing the amounts of the various de- 
posits on the wire in the steady state are: 

^irKV M^N^\ = m,A, — m^X^ 

and so on. A similar set of equations also applies to any other 
substance and its products of decomposition, so that if we know the 
specific velocity of the carrier, and are in a position to determine 
mj, m„ etc., from our activity-curve, we can determine AfjiNT,, 
JIfjiV,, etc., which are the masses of the various active substances 
per c. c. in the air.*® 

M The interpretation of the results would be ttmplifled if we could assume the various producU 
to be in radioactive equilibrium in the air. A little consideration of the e£fect of the atmospheric 
potential-gradient in partially determining the distribution of the deposits in the atmosphere, 
however, and of other considerations will show us that such an assumption would hardly be justi- 
fied. 
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It is worth while again insisting upon a point mentioned in 
my former paper;" namely, that the collecting body should be 
shielded by a net and one pole of the battery producing the poten- 
tial V should be connected to the net, and the other to the col- 
lecting body. If the positive pole of the battery is connected to 
earth as is usually done, and not to a net around the body, the 
charge on the wire, which is the essential factor in the determina- 
tion of the amount of activity collected, will depend upon the 
atmospheric potential-gradient as well as upon the potential of the 
battery, and, as shown in my former paper, this may affect the 
activity collected to the extent of 50 or 100%. The net should 
be maintained at the potential of the air around it by means of a 
collector (an ionium collector, for example), so that no charge is 
formed upon it. If the net is charged the charge will modify the 
number of active carriers entering it. 

Summary. 

It is shown that subject to the same restrictions as Riecke's 
calculation for a sphere, the expression ^ Qnev ior the amount 
of charge coming per second to a body exposed to an air-stream, 
and charged with Q units of electricity is true, even though the 
body may be of irregular shape and the velocity of the air may 
vary over the cross section. The condition for the applicability 
of the formula is also discussed for the case where the body is 
partially surrounded by an enclosure. 

The theory of the Gerdien conductivity-apparatus is examined 
in the light of the above, and it is shown that the formula usually 
given is not true, but that a simple modified expression can be 
obtained which is true and which takes account of the rod sup- 
porting the second cylinder, and which further does not require 
constancy of the velocity over the cross section of the air-stream. 

A theory of the collection of active deposit by a charged con- 
ductor is also given. 

Appendix.— Z?em(?n5/ra/w>n on lines analogous to that of Gerdien, 
but showing that the Gerdien conductivity-apparatus does not' 

require a constant air velocity over the cross section. 
Let the velocity be a function of the radius r of the form 

U = f{r). Let the air-current flow in the direction of the axis 

»» W. F. G. SwANN. Journal Terr. Mag. and Atmos. Elec, March. 1914. page 37. 
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of X. Then if, following Gerdien, we write for the electric force, 

F = — , we have 
r 

dr lEv dx ,.- ., . 
„ dx rf(r) 

Putting jc = for one end of the cylinder, and 3c = / for the other 
end, and integrating we have 



/ 



-ikfj/f^^^'^ 



where r© is the radius at which the ion describing the limiting 
path enters. 

Hence, 4irEvl= C "^ 2Trf(r)dr 

^ n 

Now I ^ Iwrf (r) dr is the total volume of air entering 

within the radius r© , so that if we multiply this by n^ we shall 
get the charge going to the central cylinder per second. 

Thus, ^";^~^^ ] 2irrf{r)dr ^AirElnev 

Now £/ is the charge Q on the whole cylindrical conductor. 

Hence, — -^ = AirQnev 

which immediately leads to the expression (6), when an electro- 
scope is attached. It will be noted that this demonstration is 
independent of the form of /(r). 

Department of Terrestrial Magnetism, 
Carnegie Institution of Washington, 
March 16, 1914. 
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MEASUREMENTS OF THE ELECTRICAL CONDUCTIVITY 

IN THE FREE ATMOSPHERE UP TO 9.000 

METERS IN HEIGHT.! 

By Albert Wigand. 

(Aerophysikaliscker Forschungsfonds Halle, Abhandlung 11.) 

For the measurement of the electrical conductivity of the air in 
manned free balloons, Gerdien* has designed a serviceable piece of 
apparatus, and has accomplished with it successful measurements. 
He finds that the conductivity shows considerable variations in 
the lower 1,000 meters, but it increases considerably at greater 
heights, at 5,760 meters reaching the value 13.65 X lO"^ E. S. U.. 
and at 6,000 meters, the value 20.6 X lO"^ E. S. U.; that is. 22 
times the amount found for the Potsdam mean value' for the 
normal day (X = X+ + X_ = 0.95 X 10-^ E. S. U.) at a height of 
85 meters. At Davos*, altitude 1,600 meters, the conductivity was 
found 3 times as great as that at Potsdam (2.8 X 10~*). 

In consideration of the important position which the conduc- 
tivity occupies in relation to the electiical condition of the atmos- 
phere, and for the elucidation of its laws, the fact of the existence 
of so few measurements in the upper strata of the atmosphere calls 
for further investigations, particularly, however, for the extensions 
of the work to greater heights than 6,000 meters. The new meas- 
urements of the conductivity made in balloons, and described here, 
have been carried out during the two ascents (Nos. 2 and 4) up to 
maximum heights of 6,300 and 9,005 meters, by myself; also at 
my suggestion measurements have been made up to 8,510 meters 
during an ascent (No. 3) by G. Lutze of Brussels, and up to 5,400 
meters by H. Bongards (Lindenberg) in a combined ascent. 

In the last named ascent (which was really the first made), a 
modified Gerdien apparatus belonging to the Lindenberg Aero- 
nautical Observatory was employed, in which the leaf -electrometer 
was replaced by a Wulf bifilar electrometer. In the three other 
ascents G. Berndt, of Charlottenburg, who is ever willing to oblige 

1 Presented before the Deutsche Physikaliscke Gesellsckaft at Berlin. Feb. 20. 1914. 
* H. Gbrdibn. COU. Nachr, 1905. p. 240. 258. and 447; Phys. Zs. v. 6. p. 800. 1905. 
•K. KAhlbr. Phys. Zs. v. 13, p. 1216. 1912. 

«C. DORNO. Licht und Luft des Hochgebirges, Braunschweig, p. 79. 1911. 
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US, placed at our disposal the conductivity-apparatus belonging to 
him, which apparatus differs from the original Gerdien form. 
Firstly, in place of the leaf-electrometer, a Wulf bifilar electrometer 
is attached. An eight-vaned aspirator produces an air velocity 
which is sufficiently constant over the whole cross section of the 
cylindrical condenser, so that the employment of cross wire gauze 
is not necessary. 

When the original potential is not appreciably higher than 160 
volts, one to two turns of the handle per second are sufficient in 
the case of the lower levels, to bring about a sufficiently great 
velocity in the condenser. For heights over 6,000 meters one 
must increase the number of rotations per second to three or four, 
which is very laborious; the hand drive should therefore be re- 
placed by a mechanical arrangement. Unfortunately, m ascent 
number 3, in the case of the experiments carried out above 8,000 
meters, the handle was turned too slowly for the charging poten- 
tial employed ; for two hundred volts original potential only 1 to 2 
revolutions per second were made. On this. account the measured 
conductivities came out too small. 

When the balloon possesses a considerable charge of its own in 
relation to the surrounding air, the conductivity-measurements be- 
come distorted; such charges may be brought about by rapid 
changes in the height or by the throwing out of the sand ballast. 
The charge on the balloon of course disappears of its own accord 
when the balloon is kept in a position of equilibrium; in order to 
make the best use of the time it is, however, desirable to accelerate 
the experiments by the attachment of a collector to the basket. 
Occasionally for this purpose we made use of the photoelectric 
effect of the Sun's rays on magnalium plates freshly rubbed with 
emery. 

In experiments 1, 3 and 4 a rubber bag attached to the balloon 
basket and filled with calcium-chloride solution (which was kept 
continually dripping) was employed, as in the experiments carried 
out by Everling for the simultaneous measurements of the potential- 
gradient. The continual observation of the potential-gradient gave 
a good control on the neutralization of the charge on the balloon. 

In the ascent No. 2 a collector was not employed; for, in view 
of the comprehensive program of work, the conductivity-measure- 
ments had to be subordinate to the measurements of the Sun's 
ultra-violet radiations and of the penetrating radiations, and on 
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this account could not be carried out at the greatest heights. In 
spite of the lack of a collector, the conductivities determined on 
this ascent are of use, since they were measured for the most part 
when the balloon was in a position of equilibrium of rather long 
duration. 

The correction for X4., on account of the radioactive deposits 
on the negatively charged dispersion-body used, was not applied, 
since we do not know its value for the various elevations over the 
Earth's surface. At the E^arth's surface X4. is about 5 to 10 per 
cent too high, owing to the influence of the precipitated radio- 
active products. 

In tables Nos. 1 to 4 conductivity-observations for these four 
balloon ascents are succinctly collected. A fuller publication con- 
taining also the simultaneous meteorological observations and a 
complete discussion of the results will appear elsewhere. The 
calculation of the vertical conduction-current will be possible from 
the observations of the conductivity when the simultaneous 
measurements of the potential-gradient made by Everling (which 
yet need reduction to absolute measurements) are available. 
(Throughout the tables, ** Dunst" has been translated as mist.) 

The figure shows that, according to the observations in the four 
ascents, the conductivity of the free atmosphere increases at an 
increasing rate with the height. In the case of the high ascent, 
No. 4, made on the 9th of September, 1913, the greatest value 
of the conductivity found at a height of 8,865 meters was 
X4. + A_ = 37.3 X 10-* E. S. U., that is, a value 68 times the 
simultaneous value for the Earth's surface (0.55 X 10—* E. S. U.), 
which, however, was somewhat too small, owing to the mist over 
the Earth's surface. The Potsdam mean value for the normal 
day is 1 /39 of the observed maximum value. 

When the measured conductivities X4. and A^ corresponding to 
the positive and negative ions are considered separately, interesting 
relations appear at the various heights between the observed pre- 
ponderances ot the conductivity of the one sign (unipolarity 

5 = Y^ , density of charge) and the formation and dissipation of 

clouds, particularly of storm clouds. This will be more fully con- 
sidered in connection with the general weather conditions and the 
meteorological* elements when a greater amount of material is 
at hand. Great importance can not be ascribed to the sharp changes 
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of the unipolarity, on account of the great sensitiveness of the 
5-value to the charge on the balloon, the effect of which, however, 
on the total conductivity, A = A+ + X_, is of smaller importance. 
The increase of the conductivity with the height is in part to 
be attributed to the influence of the diminished air-pressure on the 
specific velocity of the ions. Gerdien^ has found that in the free 
atmosphere, at some 1,000 meters altitude, the ionic velocity is 
greater than it should be according to the law determined in the 





TABLE L July 12, 1913. ASCENT No. 


1. 


Time 


Alt. in 
meters 


X+xlO* 


X-xlO* 


XX 10* 


q 


Remarks 


h m 

7 41A.M.) 

8 06 A.M.) 


85 


0.468 


0.454 


0.922 


1.03 


Bitterfeld. 


8 54A. M.| 

9 06 A. M.J 


450 


0.106 


0.182 


0.288 


0.58 


Mist surrounding 
the balloon. 


10 30 A.M.) 
10 36 A.M.) 


2200 


1.118 


0.991 


2.109 


1.13 


Ice crystals in the 
basket; snow 
flakes. 


11 13 A.M.) 
11 16 A.M.) 


3000 


4.307 


3.516 


7.823 


1.22 


Snow blizzard, in 
the stratus. 


11 32 A.M.) 
11 39 A.M.) 


3350 


2.090 


0.512 


2.602 


4.08 




12 16 P.M.) 
12 22 P.M.) 


4550 


1.179 


1.292 


2.471 


0.91 


Inthealtostratus. 


12 33 P.M.) 
12 37 P. M.J 


5100 


6.64 


9.50 


16.14 


0.70 


Above the alto- 
stratus. 


12 51 P. M. ) 
1 04 P.M.) 


5200 
(5300) 
5400 


6.21 


10.27 


16.48 


0.60 


Above the alto- 
stratus. 


1 25 P.M.) 
1 30 P. M. ) 


4300 


3.624 


2.749 


6.373 


1.32 


Between the stra- 
tus and the alto- 
stratus. 



•H. Gerdien. G6U. Nachr. p. 383. 1903: p. 277. 1904. 
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TABLE 2. July 27, 1913, ASCENT No. 


2. 


Time 


Alt. in 
meters 


X+xlO* 


\^XW 


XX 10* 


q 


Remarks 


b m 

6 50 A.M.) 
6 55 A.M.) 


85 


0.656 


0.453 


1.109 


1.45 


Bitterfeld; layers 
of mist. 


8 40 A.M. 
8 47 A.M. 
8 50 A.M. 
8 53 A.M. 
8 56 A.M. 


1120 
1105 
1055 
1095 
1065 


1.076 
0.474 


1.597 
0.851 
0.754 






Mist layer. 


Mean 


1090 


0.775 


1.067 


1.842 


0.73 




9 37 A.M. 
9 42 A.M. 
9 45 A.M. 
9 53 A.M. 
9 56 A.M. 


2205 
2205 
2265 
2145 
2075 


0.773 

0.441 
0.432 


2.067 
2.740 






Level of cumulus 
tops over the 
boundary of mist- 
zone, second 
boundary of mist- 
zone, at 2,550 
meters altitude. 


Mean 


2180 


0.539 


2.404 


2.943 


0.22 




10 29 A.M. 
10 33 A.M. 
10 36 A.M. 
10 40 A.M. 


3675 
3685 
3675 
3665 


2v228 
3.456 


5.078 
4.672 






At the altitude 
where the storm 
clouds break 
through (Cu-Ni). 


Mean 


3675 


2.842 


4.875 


7.717 


0.58 




11 25 A.M. 
11 32 A.M. 


5355 
5415 


10.55 


8.27 






Above the level of 
the (Cu-Ni). 


Mean 


5385 


10.55 


8.27 


18.82 


1.28 
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TABLE 3, August 4. 1913. ASCENT No, 3, 



Time 


Alt. in 
meters 


X+xlO* 


X-xlO* 


XX 10* 


q 


Remarks 


b m 

6 19 A.M. 
23 A. M. 
28 A. M. 
33 A. M. 


85 


0.703 
0.573 


0.474 
6.412 






Bitterfeld. 


Mean 


85 


0.638 


0.443 


1.081 


1.44 




8 19 A.M. 
26 A. M. 
34 A. M. 
40 A.M. 


2275 
2380 
2320 
2560 


2.913 
1.898 


3.925 
5.241 






Mist boundary 
above Cu level; 
later Cu-Ni 
(storm). 


Mean 


2385 


2.406 


4.583 


6.989 


0.52 




9 16 A.M. 
28 A. M. 


4245 
4530 


5.12 


6.61 








Mean 


4385 


5.12 


6.61 


11.73 


0.77 




10 07 A.M. 
11 A. M. 
15 A. M. 
18 A.M. 


6430 
6500 
6430 
6550 


8.02 
7.74 


6.85 
13.09 








Mean 


6480 


7.88 


9.97 


17.85 


0.79 




11 16 A.M. 
20 A. M. 
26 A. M. 
30 A. M. 
37 A. M. 


8295 
8420 
8420 
8355 
8265 


13.62 
9.56 

15.24 


8.00 
7.31 








Highest value 
Mean 


8345 
8350 


15.24 
12.81 


8.00 
7.66 


23.24 
20.47 


1.90 
1.67 




2 45 P. M. 


200 


0.497 








Liebenwerda. 
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TABLE 4. September P. 


1913. ASCENT No, 4. 


Time 


Alt. in 
meters 


X+xlO* 


X_xlO* 


Xx'lO* 


q 


Remarks 


b m 














6 23 A.M. 
28 A. M. 




0.394 
0.441 








Bitterfeld; a light 
ground fog. 


35 A. M. 


85 




0.337 








40 A.M. 






0.224 








Mean 


85 


0.417 


0.280 


0.697 


1.49 




9 11A.M. 
16 A.M. 


3490 
3470 


4.83 


3.93 






Mist, later at 
2,000 meters Cu. 


21 A. M. 


3480 




3.74 








Mean 


3480 


4.83 


3.84 


8.57 


1.26 




10 48 A.M. 


6220 


6.84 










54 A. M. 


6230 


6.32 










59 A. M. 


6000 




6.59 








Mean 


6150 


6.58 


6.59 


13.17 


1.00 




12 25 P. M. 


8800 


18.14 










29 P. M. 


8930 




19.09 








33 P. M. 


8930 




19.14 








39 P. M. 


8970 


13.39 










1 18 P. M. 


8870 


11.94 










25 P. M. 


8770 




10.40 








Highest value 
Mean 


8865 
8880 


18.14 
14.49 


19.14 
16.21 


37.28 
30.70 


0.95 
0.89 




5 29 P. M. 




0.232 








Stargard. 


35 P. M. 


50 




0.169 








Mean 


50 


0.232 


0.169 


0.401 


1.37 
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•*• •" • 
laboratory, namely that of inversed proportlona1it'y^b^tween the 
specific velocity and the pressure. We have not yet'foljpwed up 
more closely the connection of this fact with the known .laws. At 
the great heights we should take into consideration the tVnipera- 
ture there and the relative humidity and perhaps also the existtocQ 
of ions with several unit charges. 

On the other hand, there is to be found an increased number of. 
ions which increase the conductivity of the air at the greater alti- 
tudes. More complete experiments on this point, as well as the 
consideration of the action of the various ionizers, will be under- 
taken. 

The form of the conductivity-curve shows an increase of X 
at an increasing rate with the height. Similar characteristics are 
shown in heights above 4,000 meters by the curve for the intensity 
of the ultra-violet Sun-light which I have obtained in an ascent 
up to 9,425 meters for the measurement of photoelectric effect, 
also in a curve obtained by Kolhorster* in a joint ascent, to an 
altitude of 6,300 meters, for the measurement of the penetrating 
radiations, which facts point to an a priori plausible causal rela- 
tion. The extent to which the ultra-violet radiation from the Sun, 
taking into consideration its spectral quality and intensity, and 
the penetrating radiation are responsible quantitatively for the 
ionization of the upper layers, are points on which experiments 
have not yet been made. We hope soon to obtain information 
on the questions of the ionizers, ionization and ionic velocity at 
greater heights and to carry out observations above 9,000 meters. 

Halle S., University, February, 1914. 

•W. KoLHansTER, Verh. der Deutschen Phys. Ges. v. 15. p. 1111. 1913; Phys. Zs. v. 14. 
p. 1153. 1913. 
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LETTER TO EDITOR 



ZUR 'VNTERSUCHUNG DER TAEGLICHEN VARIATION AUF 
•.. ' ' DER GANZEN ERDE. II. 

•. . ' Auf das in diesem Journal, Vol. XVIII S. 198, mitgeteilte Rund- 
*schreiben der Mag^etischen Kommission haben sich bis jetzt folgende 
22 Observatorien bereit erklart, die Monatsmittel des taglichen Ganges 
an den international angenommenen ruhigen Tagen zu berechnen und 
in ihren Jahrbiichem zu publizieren: 

Agincourt, Apia, Batavia, Bombay, Cheltenham, DeBilt, Eskdale- 
muir, Greenwich, Heluan, Honolulu, Katharinenburg, Rude Skov, Paw- 
lowsk, Pilar, Pola, Potsdam, Sitka, Tortosa, Tsingtau, Tucson, Vieques, 
Lukiapang. 

In der kiirzlich erschienenen neuesten Publikation von Cheltenham 
iiir die Jahre 191 1 und 191 2 ist der Anregung bereits Folge gegeben 
worden. Einige Observatorien hatten schon vorher aus eigener Initia- 
tive mit der Berechnung und Publikation der Mittel fiir die inter- 
nationalen ruhigen Tage begonnen, namlich Bombay seit 1906, Green- 
wich seit 191 2, Potsdam seit 1906, Lukiapang seit 1908. 

Der Vorsitzende: Der Schriftfuhrer : 

M. Rykatchew. Dr. Ad. Schmidt. 

Potsdam, den 21, Marz rgr4. 



NOTES 



5. Regarding Corrections of German Magnetic Declination-Charts. 
In the tables, pp. 161 -162, vol. 18, and p. 38, vol. 19, of this Journal, 
there are tabulated the corrections to the values of the magnetic declina- 
tion as scaled from the latest German charts available when the obser- 
vations were being made aboard the Carnegie. Since then the "Reichs- 
Marine-Amt" has courteously supplied its most recent charts giving the 
lines of equal magnetic declination for 1915, in the construction of which 
the Carnegie observations as published from time to time have been 
utilized. It is gratifying to state that for the portion of the Atlantic 
Ocean covered in the tables re erred to, the differences between the Car- 
negie values and the new German chart-values are very much reduced ; 
the average difference, regardless of sign, is now but d:0**.3. 

6. Magnetic survey of Egypt and Sudan. According to information 
received from Mr. Keeling, the Director of the Physical Service of the 
Egyptian Survey Department, the results are now being discussed and 
will be published towards the end of this year. 
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NOTES 103 

7. The Royal Observatory of Belgium, at Uccle, near Brussels, has 
been divided into two distinct establishments; one devoted to astron- 
omy, together with astro-physics, geodesy, gravity, and seismology ; the 
other to meteorology, along with climatology, terrestrial magnetism, and 
atmospherrc electricity. The former will be known as the Royal Obser- 
vatory of Belgium, the latter as the Royal Meteorological Institute of 
Belgium. The effect of this new arrangement is to give the national 
metereological service of Belgium an independent status, whereas it was 
formerly merely an appendage of an astronomical observatory. 

8. Erratum, The quantities e, ^1, ^„ e^, should in every case be 
omitted on p. 37 of this volume. 

9. Personalia. The Henri Becquerel prize was awarded to Limis 
Dunqyer by the French Academy of Sciences on Dec. 15, 191 3. 

Captain Wilhelm von Kesslitz was appointed on April 6, *'Direktor 
des Hydrographischen Amtes der k. u. k. Kriegsmarine," located at Pola. 
Since 1895 he had successfully and energetically fulfilled the various 
duties of Chief of the Geophysical Division, and is succeeded in this 
position by Lieutenant Theodor Haas von Kattenburg, 

10. Arrangements are being perfected by various institutions to 
make magnetic, electric and allied observations during the total solar 
eclipse of August 2t, 1914. 
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ABSTRACT 



RESULTS OF MAGNETIC OBSERVATIONS BY THE CHARCOT 
ANTARTIC EXPEDITION. i903-*05.i 
The expedition was not provided with the magnetic apparatus usu- 
ally associated with a magnetic station of importance. The instruments 
consisted only of (i) a Brunner theodolite, large model, and (2) an incli- 
nation compass, small model. Designed only with a view of determin- 

Mean Results of Magnetic Observations. 



Place 


LaU- 

tude 

(South) 


Longi- 
tude 

(W.of 
Gr.) 


Date. 1904 


Ded'n 


Ind'A 


Hor. 
Int. 


Remarks. 


Port Charcot 


/ 
65 03.8 

65 05.3 

64 49.6 

65 08 
54 49 


/ 
64 01.7 

63 13.0 

63 29.0 

64 15 
68 17 


Apr.-Dec. 9 mos. 
Apr.-Oct., 7 moa. 
Jan., Sept.. Oct., 

Nov. 
83 observations 
88 observations 
Various times. 

Feb. 12-18 

Dec. 26 

Feb. 22 
January 

January 


o / 
19 55.8E 




o / 


cgs. 


Station A 




60 51. OS 
60 32. 2S 


'. 25078 


A 

" C 
A 








. 25505 


B 


Flanders Bay 
Port Lockroy 

Port Lc Myre 
de ViUers 

Uthuaia 

Cape Horn, 
Orange Bay 


22 11 E 
19 58.6E 

19 59.8E 
17 34.4E 


60 32. 5S 
62 12. 6S 
59 49. 2S 

61 29. 4S 
51 11 S 

51 53. 9S 


.25075 
.25507 

25120 
.27019 

.28134 


Mean of 6 sta- 
tions within 100 
meters of A. 

6 obs'ns of D&I. 
4 of H; mean of 
3 stations. 

3 obs'ns of I&H. 
6 of D: mean of 
3 stations. D 
varied, due to 
loc. dist. from 
19»49'to20«10'. 

2 obs'ns of D & 
H. 1 of I. 

For Jan.. 1883: 
D - 20'»10'.8E. 
I - 52**52'; for 
Aug.. 1882. H 
« 0.275. 

For Jan., 1883: 
I - 52*'56'.8, H 
- 0.28541. 







ing the absolute values of the magnetic elements, these instruments, 
though satisfactory for work in temperate latitudes, proved to be insuffi- 
cient and ill adapted for use under the conditions prevailing in polar 
regions. Because of the unsatisfactory apparatus and the difficulties en- 
countered extensive results were not possible. 

In Graham Land, the values of the three principal magnetic ele- 
ments were determined at each of three stations (i) Port Charcot, (2) 
Port lyockroy, and (3) Flanders Bay. In addition, at the winter quar- 

«Rby. J. J.: Magnilisme Terrestre, Expedition Antarctique Francaise, (1903-1905). 
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ters, Port Charcot, the variation in declination was determined from ob- 
servations extending over nearly a year. 

The observations at various points at Port Charcot gave evidence of 
local disturbance. Thus the difference (see table) between the values of 
// for the two stations, only a short distance apart, was .00427 C. G. S. 
units. Comparing the observations of inclination made at the principal 
station, A, with those made at six secondary stations, all within a dis- 
tance of 100 meters, it was found that the average value for the six sta- 
tions was 18.5^ less than that for A alone. A similar comparison of the 
values of declination for station A and those of four secondary stations 
showed no evidence of local influences. 

At Cape Horn and at Ushuaia, the secular variation since 1883 in 
inclination and in the horizontal component were established. At 
Ushuaia the secular variation in declination was also measured. 

It was hoped that with the aid of the observations made on board the 
*'E1 Austral" (Argentina), when they were made available, it would be 
possible to prepare a general magnetic chart of the region south of South 
America. 

The methods of work and the calculations were similar to those fol- 
lowed by M. Lecannelier in the scientific expedition to Cape Horn in 
I 882-1 883. 

The azimuth of each station on Graham Land was determined astro- 
nomically, with the summit of Mount William as the fixed mark. The 
tripods used to support the instruments were mounted in each case upon 
a rock base. Because of the permanence of the latter, the corrections 
involved in sighting upon the mailc remained constant. 

A. H. Palmer. 
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MAGNETIC RESULTS AT PILAR, ARGENTINA, FOR 1913. 
Latitude: SI"" 4(/ S; Longitude: 63° 53' W. 





Declina- 
tion 

(East) 


Intensity (C. G. S.) 


Month 


Declina- 
tion 
(East) 


Intensity (C. G. S.) 


Month 


Horizontal 


Vertical 


Horizontal 


Vertical 


January 


o / 

8 53.1 


0.25671 


0.12378 


July 


o / 

8 48.7 


0.25634 


0.12352 


February 


52.4 


663 


377 


August 


48.0 


634 


347 


March 


51.2 


656 


371 


September 


47.3 


626 


342 


April 


50.8 


642 


368 


October 


46.6 


619 


339 


May 


50.2 


640 


361 


November 


45.8 


624 


336 


June 


49.2 


638 


357 


December 


44.9 


623 


333 



Mean 8 49.0 | 0.25639| 0.12355 

L. G. SCHULTZ, 

Oficina MeteorolSgica Argentina ^ Observatorio Magnetico Pilar, F. C, C, A,, 
Protnncia de Cdrdoha, 
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THE LOCAL MAGNETIC CONSTANT AND ITS 
VARIATIONS. 

By L. a. Bauer. 

Good progress has been made by various investigators in 
establishing the relationship between fluctuations of the Earth's 
magnetism and those of the Sun's activity during the Sun-spot 
cycle. The magnetic quantity most frequently used for this 
purpose has been the range of the diurnal variation — generally of 
the magnetic declination. In connection with a preliminary ex- 
amination of this relationship made five years ago in response to 
an inquiry received from Professor Hale, director of the Mount 
Wilson Solar Observatory, I had occasion to employ various other 
magnetic quantities. One of these was what is here termed the 
** local magnetic constant,** which, under certain assumptions, is 
proportional to the magnetic moment of the Earth, or to the 
intensity of magnetization. The desire was to use for the examina- 
tion a quantity yielding results which might be more readily 
susceptible of a physical interpretation than those generally ob- 
tained. Since there are other investigations in which the need 
arises for a physical quantity, readily calculable, in terms of which 
the magnetic variations examined into may be appropriately ex- 
pressed, and the comparison of their effects thus facilitated, I have 
been induced to publish some preliminary results. 

FORMULiE. 

Suppose that the Earth's magnetic field arose from a uniform 
magnetic system enclosed wholly within the surface, then its 
magnetic potential, F, at any point, P, outside, will be:^ 

» Baukr. L. a. Terr. Mag. vol. 17. p. 81. or vol. 4. pp. 37-40. (The C used in (3) and sub- 
sequently, is the same constant as the c used in my previous papers.) 
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V = -^ (g,oCOs u + g„ sin u cos X + A„ sin u sin X) (1) 

Here R is the Earth's mean radius, r is the radius vector from the 
center of the Earth to P, u is the co-latitude counted continuously 
from north to south geographical pole, and X, the longitude counted 
east from Greenwich. g,o, gn, and A„ are proportional to the com- 
ponents of the intensity of magnetization, p, parallel, respectively, 
to the axis of rotation and to two rectangular axes lying in the 
equatorial plane, one of which is in the meridian of Greenwich and 
the other 90° East. We have thus, if Un and X„ are, respectively, 
the co-latitude and longitude of the north end of the axis of the 
assumed magnetic field : 

4 4 . 4 

g,o =^^pcosM„, g„ = ^7rpsmw„cosX« A,i = -7rpsinw«sinX„ (2) 



Jlf =|irp.i?'=^U,o' + g„2 + V . R'^CR' (3) 

M is the Earth's so-called magnetic moment as first defined by 
Gauss and G is what is termed below the "local magnetic constant." 

G = |7rp = Jlf/i?» (4) 

Let the total magnetic intensity, F, at P be resolved into the 
three rectangular co-ordinates, X along a meridian, positive towards 
the North, Y along a parallel of latitude, positive towards the 
East, and Z along the vertical, positive towards the Nadir, then 
by partial differentiations of F, remembering the sense in which 
the variables increase, we have: 

R^ 
X = — , (g,o sin u — g^^ cos u COS X — A„ cos u sin X) (5) 

R^ 

Y^ -^ (in sin X - A„ cos X) (6) 

R^ 
Z = — 2 -3 (g,o cos u + g„ sin w cos X + A„ sin w cos X) (7) 

With the aid of (2) and (3) we then find, if P be on the surface 
ir^R): 

Jlf =^|X2+ Y^ + ^Z^.R'^yjlP + ^ZKR' (8) 

H = Jx^ + P being the horizontal intensity. 
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Hence, from (4) and (8) : 

G=^IP + \Z' (9) 

dG^^dH + \^dZ (10) 

These formulae, (8), (9), and (10), as far as known, have not 
been utilized before. It is seen that, under the suppositions made, 
it is possible to obtain the magnetic constant, or its change, at any 
station for which both H and Z have been measured. But the 
Earth's magnetic field is known not to be of the simple type ex- 
pressed by (1), though as a first approximation it may be regarded 
so. For many investigations into which cosmical relationships 
enter, it appears that (1) is a sufficient approximation. In order, 
however, not to confuse the G derived from (9) with the value re- 
sulting from an harmonic analysis of the magnetic observations 
over the entire Earth, it has been termed the '^ local magnetic 
constant." By means of this quantity, which would be constant 
over the whole Earth were the latter uniformly magnetized, local 
and regional irregularities can readily and suitably be expressed. 
The letter G has been finally adopted to designate it, first because 
of its association with the Gaussien coefficients, the small g's, as 
shown by (3) ; secondly, because of its relation to F, H, and Z, 
being of the same dimensions; and thirdly, because with the aid 
of it, as will be seen, the grade of a magnetic variation, or dis- 
turbance, either in space or in time, may be conveniently expressed. 
The geographical variation of G succinctly exhibits the complexity 
of the Earth's magnetic field. Instead of being constant over the 
Earth, as shown it should be in the case of a uniform internal 
magnetic field, it may vary ZZ per cent from its average value 
(about0.324C. G. S.). 

A change in G may be caused by an external system, or from a 
combination, as is usually the case, of an external and an internal 
system. The dG as derived from (10) must hence be looked upon 
as merely the apparent change in G, not the actual; we might, 
therefore, also call our constant G, the apparent magnetic constant. 
To derive the actual change in G, a laborious harmonic analysis is 
requisite on the basis of data distributed over the whole Earth. 

To recapitulate: The local magnetic constant used in this paper 
is the value derived from supposing the magnetic elements at any one 
station to arise solely from a uniform, sub-surface, magnetic system. 
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A change in this constant, due to the changes in the local magnetic 
elements, periodic or otherwise, is to be interpreted first only as an 
apparent change of the entire Earth's fi^ld. From the distribution of 
the local changes over the Earth is to be determined the actual change 
of the entire Earth's field. 

With the reservations made, let us now apply our formulae. 
It will be noted that there has been united in one quantity, d G, 
the changes due to both H and Z. 

Changes in Solar Activity and in Terrestrial Magnetism.^ 

The occasion of this investigation, made in 1909, as to the re- 
lationship between solar activity and fluctuations in terrestrial 
magnetism, arose, as has already been stated, from an inquiry 
made by Hale. He wished to know how closely the curves lesulting 
from his method, at the time, of measuring the solar activity — 
by the total area of the bright calcium flocculi seen on the Sun's 
disc — corresponded with the well-known fluctuations in the Earth's 
magnetism. 

He divided the Sun's disc into zones 10° wide and determined 
the area of all the flocculi present in each zone. The sum of all 
the zones gave the total area for the date in question, and the solar 
activity was taken to be directly proportional to this area. Since 
the rotation period of the Sun varies with solar latitude, means were 
taken for each zone corresponding to the rotation period for that 
zone in order to eliminate the effect of the solar rotation. 

The first curve in the diagram (PI. VI), called ** Hale's Solar Ac- 
tivity Curve," is the result obtained from the total area of the 
calcium flocculi between the solar parallels 40 N. and 40 S., taking 
a mean synodic rotation period of 27.48 days. Hence for the 
period May, 1906, to January, 1909, the curve depends upon 
figures representing, on an arbitrary scale, the average solar activity 
during an entire^ rotation period. 

Now, in view of the contradictory results at times obtained in 
the comparison of Sun-spot curves and terrestrial-magnetic varia- 
tions, it was a matter of no little interest to see whether similar 
contradictions might appear between Hale's measure of solar 
activity and corresponding terrestrial-magnetic activity. It is 
known that while there is, in general, a fair agreement between Sun- 
spot curves and magnetic curves in which the unit of time is several 

» First paper presented before the American Philosophical Society. Philadelphia. April 24. 
1909. See abstract in Science, N. S. vol. 29. pp. 831-832. May 21, 1909, or Nalttre, vol. 80. p. 444. 
June 10, 1909. A summary of the chief results, accompanied by the diagram (PI. VI), was also 
presented before the Brit. Assoc, for Adv. of Science, at Winnipeg, 1909. 
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months or a year, the agreement is not always so pronounced for 
shorter intervals, for example, that of a month. Then, again, while 
investigations exhibit a linear relationship between the average 
Sun-spot frequencies and the average diurnal ranges for a fairly 
long interval of time, so that one set of phenomena could be directly 
deduced from the other, the same has not been found true of the 
magnitude of the magnetic disturbances, or say of the changes in 
the absolute magnetic elements. In fact, instances may be easily 
cited where the Sun-spot frequency was accompanied by totally 
different quantitative magnetic effects, so that only a qualitative 
relationship appeared to reveal itself between solar phenomena and 
the Earth's magnetic storms. 

Since at the time but very few magnetic observatories had pub- 
lished their data for so recent a period as 1906-08, it was necessary 
to restrict the investigation to the information courteously and 
promptly supplied in manuscript by the Superintendent of the 
Coast and Geodetic Survey, Mr. O. H. Tittmann, for the magnetic 
observatories: Cheltenham (Maryland), Vieques (Porto Rico), 
and Honolulu (Hawaii). The reductions of the observatory records 
for the other two magnetic observatories of the Coast and Geo- 
detic Survey, Baldwin (Kansas) and Sitka (Alaska), had not been 
sufficiently advanced to be used to advantage. 

The magnetic data at any one place besides being subject to 
possible fluctuations to be associated with an increase or a decrease 
of solar activity are affected by causes which I shall call *' ter- 
restrial** ones, not necessarily implying thereby that they all 
originate from the Earth itself, but rather that they are due to 
the changes in the relative positions of Sun, Moon, and Earth. 
To get a fair basis of comparison, it was necessary to eliminate 
these terrestrial effects as much as possible. Hence the magnetic 
data were first freed, as far as the available data permitted, of the 
effects of secular drift in the absolute values of the magnetic ele- 
ments and of the seasonal or annual variation having the solar year 
for its period. In all cases the magnetic data plotted are the average 
results for a calendar month. The unit employed for intensity varia- 
tions is 0.00001 C. G. S. or 1 y. 

Explanation of the Curves (Plate VI). 

Curve 1. Hale's Solar Activity Curve. This has already been explained. 

Curve 2. Variation in the Diurnal Range of the Magnetic Declination. As 
is well known, the magnetic elements experience in the course of a day a well- 
marked variation; the range is the diflFerence between the highest and lowest 
value for the day. This range is subject to a seasonal or annual* variation in 
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the course of a year, which, however, has been almost, if not entirely, eliminated 
in the quantities plotted; the curve should accordingly exhibit only a-periodic 
or more or less irregularly-occurring fluctuations. The broken curve is the one 
resulting from the Cheltenham data alone, whereas the full one is the mean of Chel- 
tenham, Porto Rico, and Honolulu; the same remark applies to the curves 3 to 8 
inclusive. 

Curve 3. Variation in the Diurnal Range of the Magnetic Horizontal 
Intensity. This curve, as well as the next, was derived in a similar manner 
to No. 2. 

Curve 4. Variation in the Diurnal Range of the Magnetic Vertical Intensity. 

Curves 5, 6, and 7 represent respectively the variations in the absolute 
magnetic elements (Declination, Horizontal Intensity, and Vertical Intensity) 
after elimination of the secular and seasonal variations. The declination curve 
(No. 5) depends only upon Cheltenham and Porto Rico, at both of which the 
compass points west of North; in order properly to combine the changes in 
declination at these two observatories, the changes were represented as per- 
centages of the corresponding average ranges {R) multiplied by 100. 

Curve 8. Variation in the Earth's Magnetic Moment or, rather, in the 
Local Magnetic Constant. The curves, 2 to 7 inclusive, represent the magnetic 
data hitherto exclusively employed; in fact most of the investigations are con- 
fined to an examination of the variations in the diurnal ranges (Curve 2) of the 
magnetic elements with solar activity, the question as to the average effect on 
the absolute elements not being generally treated. Curve No. 8 is drawn for 
the first time; the quantities actually plotted are the changes in the local mag- 
netic constant, G, as derived with the aid of equation (10), the unit employed 
being 10—5 c. G. S. M, the apparent magnetic moment, is related to G as shown 
by equation (4). All the curves, with the exception of No. 8, have been drawn so 
that the plotted quantities increase algebraically upward; for No, 8 the plotted 
quantities increase algebraically downward. 

Curve 9. This is the curve obtained from Wolfer's provisional Sun-spot 
Numbers. 

Curve 10. Variation in the Monthly Mean of the "Magnetic Character" 
Numbers as compiled by the Magnetic Commission of the International Meteoro- 
logical Conference. 

Preliminary Results. 

1. It will be seen that there is a fairly good general correspondence of the 
solar activity-curve (Hale's or Wolfer*s) with all of the magnetic curves, the 
agreement with the latter being, in general, better for the Sun-spot curve than 
for that of the calcium-flocculi. The diurnal ranges in the magnetic elements, as 
well as the changes in the absolute elements themselves, and likewise in the local 
magnetic constant, all appear related in some manner to solar activity. 

2. The general agreement between the magnetic and the solar curves does 
not hold quantitatively for either solar curve — the same change in solar activity 
is not always followed by a similar magnetic increment or decrement, as the case 
may be. The most notable contradiction is exhibited for the period July-Octo- 
ber, 1907. Both solar curves exhibit highs, whereas all the magnetic curves show 
lows. An absolute correspondence between solar and magnetic curves is perhaps 
not to be exf>ected a priori even though they stood in the direct relation of cause 
and effect, as they are not a measure of precisely the same quantities. 

3. Doubtless the deduction of most interest, being a novel one, is that 
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derived from a comparison of the solar curves with the changes shown by Curve 
No. 8 in the local magnetic-constant. The latter, as stated, is plotted so that 
opdinates decrease upwards. It is seen that an increase in solar activity is ac- 
companied by a decrease in the local magnetic constant, and this is consistently 
shown by observatories as remote from one another as is Honolulu from Chelten- 
ham. (A similar result has been obtained from an investigation of some special 
magnetic storms, e. g., the very severe one of October 30-N'ovember 1, 1903. 
The depressing or diminishing effect of this storm on the local magnetic constant 
continued for fully two months after the apparent subsidence of the storm. This 
fact was announced at the 1908 meeting of the American Association for the 
Advancement of Science held at Baltimore.) 

4. It should not be argued that the apparent diminution in the local mag- 
netic constant implies at once an actual diminution in the strength of the Earth's 
internal magnetic field. This we can not conclude, as yet, for the effect actually 
observed is a resultant one due to the combined changes in the Earth's internal 
and external magnetic systems — t. e., we have the sum of two quantities not as 
yet the individual parts, these being only obtainable from a mathematical analysis. 
All we may say now is that the magnetic effect associated with an increase of 
solar activity is apparently equivalent, in general, to a diminution in the intensity 
of the Earth's magnetic field, supposing the latter to result primarily (as is actually 
the case) from an internal system of magnetic or electric forces. Which of the 
two parts— whether the internal or the external part — is the* more predominant 
or how related to its parent system must be reserved for the future analysis. 

5. To afford some basis of comparison of the possible change in the local 
magnetic constant with solar activity, the following approximate data are given: 
The maximum change shown in the curve, viz., between the dates February 1, 
1907, and February 1, 1908, attributable to change in solar activity, amounts 
to about 1 /lOOO part of the value of the magnetic constant, however this may 
be exceeded during the actual progress of individual magnetic storms. The 
average annual change i^ the local magnetic constant, due to the secular change 
in the magnetic elements, at the three observatories, Cheltenham, Porto Rico, 
and Honolulu, amounts to about 1 /800 part of the value. The average 
diurnal variation in the magnetic elements produce a range in the magnetic local 
constant of about 1 /1 250 part, and the average seasonal or annual variation, a 
range of about 1 /2500 part. On account of the diurnal variation, G is, on the 
average, diminished during the daylight hours, the largest negative change oc- 
curring on the average for the year near 11 A. M. 

The investigation will be continued with the aid of the data 
accumulated since 1909. 

On the Solar Radiation and Terrestrial Magnetism.' 

Since the preceding investigation of 1909, Abbot's extensive 
observations showing the fluctuations in the values of the solar 
constant of radiation for various years have become available. 
The question arises whether any changes in the Earth's magnetism 
follow the same course as that of the solar constant. 

» The results in this section were presented before the Astronomical and Astrophysical 
Society at its meeting In Evanston, Illinois. August 25-28. 1914. 
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In order to eliminate, as far as possible, the effects attributable 
perhaps to phenomena associated with Sun-spots, the years chosen 
were 1911 and 1912, the latter being the year of Sun-spot minimum 
according to Wolfer's numbers. Volume III, Annals of the Astro- 
physical Observatory of the Smithsonian Institution, contains on 
pp. 111-112, the final solar-constant values (£'o) observed at Mount 
Wilson, California, from June 2, 1911, to November 21, 1911, and 
on pp. 122 and 124 will be found some comparative values observed 
at Mount Wilson and Bassour, Algiers, during the summer and 
fall of 1911 and 1912. 

Generally the solar-constant observations are made from about 
7 to 11 A. M. local mean time, the mean value thus corresponding 
to about 9 A. M. The nearest magnetic observatory to Mount 
Wilson is that of the United States Coast and Geodetic Survey 
at Tucson, Arizona, in longitude 29 minutes east of Mount Wilson. 
Accordingly, the mean values of H and Z for the four local hours 
8, 9, 10, and 11 A. M. were found for each day on which there 
were solar-constant values of the grade good and above, and 

finally G = ^IP + v Z^ was obtained.* The mean absolute time 

for which G applied was thus practically the same as for the solar- 
constant values. In all, 134 days were available for the comparison 
during June 2~November 21, 1911, which were arranged in four 
symmetrical groups, each group containing, on the average, 17 high 
values and 17 low values of the solar-constant. The mean high 
value in each group corresix)nded in date usually within 2 or 3 days 
of that of the mean low value. Thus was obviated the need of 
referring the values of G to a common epoch by applying corrections 
due to secular and seasonal change. Furthermore, all the values 
of G applied precisely to the same time of day. 

If Gh is the value corresix)nding to a high value of the solar- 
constant and Gi to a low value, then the mean difference of the 
67 found for a 1 % change in the solar c6nstant^ Gh ^ Gi = 
- 1.08 X 10-^ C. G. S. = about 1 /300 per cent of G. 

The values of the solar-constant showed a range of about 10% 
between highest and lowest values during 1911 and 1912, hence 
the maximum change in the magnetic constant, G, if attributable 
to the change in the solar-constant would be about 1 /30 per cent 

« I am indebted to Mr. Tittmann, Superintendent of the Coast and Geodetic Survey, for 
having furnished the Tucson observations in advance of publication. 

» On the average about 1.933 calories per square centimetei per minute, outside the atmos- 
phere and at the Earth's mean soiar distance. 
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of its value. The result found, if correct, is extremely inter- 
esting not only because of its magnitude, but especially be- 
cause increased solar radiation would apparently correspond to 
diminished value of the magnetic constant, i. e., the effect would 
be similar to that caused by heating a magnet, though it is not to 
be inferred at present that the effect is of this nature. 

Next was tested the series of magnetic observations at Pola, 
on the Adriatic, the nearest observatory to Bassour, Algiers. Here 
data for 1911 and 1912 are available. Pola is in longitude 44 
minutes east of Bassour. Again the mean values of H and Z were 
formed for the local hours 8, 9, 10, and 11 A. M. for each day in 
1911 and 1912 on which an unquestioned published value of the 
solar-constant is available. As Abbot has not yet published the 
Bassour series fully, there were only about 40 days available for 
the comparison. Precisely the same procedure was followed as in 
the case of the Tucson Observatory. As a third test 12 days were 
taken, August 30 to November 7, 1911, on which the solar-constant 
was observed at both Mount Wilson and Bassour under favorable 
conditions. Five magnetic observatories were selected to whose 
series the test could be readily applied, namely, Potsdam, Pola, 
Cheltenham, Tucson, Sitka, and Honolulu, the same method 
being again followed as for Tucson. 

The Average Wolfer Sun-spot number (iV) for each of the three 
tests applied was about 4, being practically the same for the groups 
of high values of the solar-constant, and of low values, i. e., 
Nh — Ni = zero about. As a provisional result, subject to modifica- 
tion when the final computations have been made, we may say 
that for the maximum change (10%) observed in the solar-constant 
values, there is apparently a change in the local magnetic-constant 
of about 1 /30% of its value, t. e., about .00010 x 10"^ C. G. S., de- 
creased magnetic constant corresponding to increased solar-constant. 

It might be worth while mentioning, as one of the preliminary 
results, that the effect appears to be most pronounced for the 
observatories in the Sun-lit portion of the globe, and seems to be 
reversed for the observatories in the night portion, judging from the 
place where the corresponding solar observations are made. This is 
being looked into further. Anticipating that there might be such 
an effect, the first tests were applied almost wholly for observa- 
tories which were in the daylight zone as judged from the solar 
stations, so that it did not matter materially whether absolute 

time or local time was used. 
2 
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Since the 1909 investigations indicated that, on the average, 
decreased local magnetic constant was associated with increased 
Sun-spot frequency, and as we have now found that apparently a 
similar decrease occurs in this constant with increased solar radia- 
tion, the presumption might be that increased solar radiation 
corresponds to increased Sun-spot frequency. 



Tabl 


E 1. Values of the Solar 
Abbot Solar- Constan 


Constant and Sun-spot Relative Numbers. 




t Values 


Wolfer Sun-spot Relative Nos. 


Month 


1 






1906 


1 1 
1908 1 1909 1910 

1 1 


1911 


! 
Mean 


1906 


1908' 1909 1910 

r 


1911 


Mean 


June, 


1.940 


1.944 


1.930 


1.933 1.939 


1 
1.937 


63.2 


48.1 


22.6 


12.3 


2.2 


29.7 


July. 


1.962 


1.935 


1.911 


1.913 


1.917 


1.928 


103.3 


39.5 


35.8 


14.1 


3.5 


39.2 


August, 


1.942 


1.952 


1.930 


1.912 


1.930 


1.933 


47.7 


90.5 


23.1 


11.5 


4.0 


35.4 


Sept.. 


1.948 


1.938 


1.908 


1.920 


1.931 


1.929 


56.1 


86.9 


38.8 


26.2 


4.0 


42.4 


Oct., 


1.918 


1.951 


1.901 


1.927 


1.915 


1.922 


17.8 


32.3 


58.4 


38.3 


2.6 


29.9 


Mean, 


1.942 


1.944 


1.916 


1.921 1.926 


1.930 


57.6 

i 


59.5 


35.7 


20.5 


3.3 


35.3 



In Table 1 there are given Abbot's mean monthly values of the 
solar-constant (the corrected ones, E'J as observed at Mount 
Wilson during the years 1906-1911, except for 1907, when no ob- 
servations were made. I have taken only the months June to 
October, for each of which the values are sufficiently numerous to 
admit of obtaining monthly means freed as far as possible from 
the sudden short-period variations. In the second part of the 
Table will be found the corresponding Wolfer's Sun-spot numbers 
(observed values). For the solar-constant, as well as for the Sun- 
spot numbers, the means, as will be seen, have been formed by years 
and months. If we should plot the resulting numbers, it would 
be found that between 1906 and 1909 the solar-constant values 
and the Sun-spot numbers run parallel with one another; there- 
after the former apparently show an increase as the year of minimum 
Sun-spots is approached. On the average, we have: 



I, Mean of 1906 and 1908, 
II, Mean of 1908-1911, 

Difference, I-II, 



Solar Constant 
1.943 
1.921 



Sun-spot Number 
58.6 
19.8 



-f0.022 



38.8 



Digitized by 



Google 



THE LOCAL MAGNETIC CONSTANT 123 

Hence, a change of 100 in the Sun-spot frequency corresponds 
apparently, on the average, for the period 1906-*11, to a change 
of .057, or about 3 per cent, in the solar-constant, which agrees 
with Abbot's provisional value. Judging from the published 
figures, it is possible, however, to have changes of 10 per cent in 
the solar-constant irrespective of the Sun-spot cycle, so that it does 
not necessarily follow that the changes in the two sets of numbers 
will always be identical, as Abbot has himself pointed out. He 
therefore cautiously desires that the precise relationship between 
the two phenomena be left in abeyance at present. 

Several of the years seem to show a seasonal drift, or a run- 
ning down, in the solar-constant values; see, for example, the mean 
values in the seventh column. No special importance can be 
attached, possibly, to this circumstance until solar-constant values 
have been secured throughout the year for several years. The 
point is mentioned here only because the magnetic constant, after 
a severe magnetic storm or after a period of continued magnetic 
agitation, shows a running down similar to the apparent running 
down of the solar-constant at times after a period of prolonged solar 
agitation. 

We saw that at the maximum a change in the magnetic constant, 
G, of about 10 X 10~^ C. G. S. might be associated with such changes 
in solar radiation, as are shown by Abbot's solar-constant values. 
However, during even a moderate magnetic storm G has changed 
100 X 10-^ and during a severe one 1000 X 10-^ or IXIO-^, or 
by about 1 / 30 (and even more) of its absolute amount. Magnetic 
storms can not, therefore, in general, be associated with changes 
in the solar radiation as measured by the solar-constant. 

However, there is a certain class of magnetic perturbations which 
it may be well to look into further, namely, the kind to which 
Mr. D. L. Hazard called attention in Terrestrial Magnetism 
(Vol. 14, 1909, pp. 37-38). In the succeeding volume, 15, pp. 
13-24, Mr. R. L. Faris brings together the facts of these peculiar 
disturbances, which occurred Decembef 28-31, 1908. And on pp. 
50-51 of the same volume, 15, I showed that these particular 
disturbances, though sudden in appearance at any one station, 
did not occur simultaneously over the globe, but, instead, each 
time the disturbance occurred, only the observatories in the daylight 
zone recorded it. 

The peculiar feature of these disturbances is that they were of 
comparatively short duration (about 1 /2 to 3/4 of an hour), and 
occurred at times when the magnetic conditions were otherwise 
calm. As recorded at Cheltenham, Maryland, on December 29, 
1908, there was a steady decrease of horizontal intensity amounting 
to about 367, and an increase in the vertical intensity of about 
37. Usually the maximum change in H for this class of disturbances 
is less than 2O7. The change in the magnetic constant, G, for the 
recorded disturbance at Cheltenham was 19 X 10~^ C. G. S., or 
about 1 /1820 part. On the average for the various observatories 
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over the globe the change in G was about lOX 10"^ C. G. S., hence 
of the amount which might be associated with a 10 per cent change 
in the solar radiation. It would appear that for this class of dis- 
turbance the change in G may be, as in the case of the diurnal 
variation, of opposite sign in the Northern and Southern magnetic 
hemispheres, which circumstance will be further investigated. 

If the solar radiation really varies in the renfiarkable manner 
indicated by Abbotts valuable work, and if later investigation 
confirms the fact that there are observable changes in the Earth's 
magnetism, associated with changes of solar radiation, then it is 
not surprising that magnetic observatories should continually be 
recording magnetic perturbations even on apparently undisturbed 
days. The most interesting of these are the very small oscilla- 
tions, called by Eschenhagen "elementary' waves/* and by van 
Bemmelen ** magnetic pulsations,*' forever being recorded even 
during periods of absolute solar calms, if gauged by absence of 
Sun-spots. 

The period of these pulsations may be only a few seconds,* and 
the amplitude a few gammas, or even but fractions of, in H, for 
which element they are most pronounced. The amplitude of G 
might thus be a few units in the 6th decimal C. G. S., corresponding 
to changes in the solar radiation of a few tenths of a per cent 
which, from what has been seen, may be an easily possible fluctua- 
tion. It would take stationary waves, for example, caused by solar 
explosions, to pass back and forth across the Sun*s disk about the 
same number of seconds as is at times the average period of these 
magnetic pulsations. In brief, we may possibly find in the oscil- 
latory character of the solar radiation a sufficient cause for the 
Earth's magnetic pulsations. 

Secular Ch.wge in the Local Magnetic Constant Between 

1900 and 1910. 

In Vol. 9, 1904, pp. 173-186, of this Journal, I reinvestigated the 
question as to the secular change in the Earth's magnetic moment, 
or intensity of magnetization. I had found, namely, in vol. 8, 
1903, pp. 97-107, that, as far as could be ascertained from the data 
scaled from the magnetic charts, 1840 to 1885, the magnetic moment 
had apparently diminished during this period at the average annual 
rate of about 1 /2580 part. The 1904 paper was based not on mag- 
netic charts, but upon freshly-made observ ations in the accessible 
parts of the globe, between about 60° N to 60° S, during the period 
1890-1900. As the result of the harmonic analysis of the observed 
secular changes, it was found that the Earth's magnetic moment 
for the region 60° N to 60° S investigated, had apparently once 
more diminished, the annual rate of 1 2170 part l>eing practically 
the same as the previous value, based upon the chart-values. 

• Ebbrt succeeded in disclosing even waves of period as small a* 0.025 of a second. Terr. 
Mag. vol. 12, p. 12. 
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This question is being once more investigated with the aid, this 
time; of the magnetic constant, G. Table 2 gives the average annual 
change of G in gammas between 1900 and 1910 for certain regions 
as shown by the observatories grouped together. 

Table 2. Average Annual Change in G between 1900 and 1910. 



Region 



Northern Hemisphere 



dG 



I 


Baldwin. Sitka, Honolulu, 


.332 


7 
—26 


II 


Toronto, Cheltenham, Vieques, 


.341 


—42 


111 


Kew, Greenwich, Falmouth, 


.286 


— 7 


IV 


Val Joyeux, De Bilt, Potsdam, 


.286 


—12 


V 


Elro, Munich, Pola, 


.294 


—12 


VI 


Pavlowsk, Katherinenburg, Tiflis, 
Observatories in India and Burma, 


.305 


—13 


VII 


.381 


+ 12 


VIII 


Irkutsk, Tokio, Zi-ka-wei, Hongkong, 


.362 
lere 


+ 15 




Southern Hemispl 





IX 

X 

XI 



Batavia, Melbourne, Christchurch, 
Capetown, Mauritius, Tananarive, 
Rio de Janeiro, Pilar, Orcadas, 



.368 
.277 
.275 



— 4 
—94 
—47 



Looking over the figures, d G, in the last column, it will be seen 
that in the regions of the Earth, covered by the listed magnetic 
observatories, the change in G is more often negative. Only in the 
southern and eastern portion of Asia do positive values appear. 
In other words, if a harmonic analysis were made once more of the 
secular change for the portion of the Earth 60° N to 60° S, we 
might find that G, or the magnetic moment, 3f , since it is propor- 
tional to G, has diminished, on the average, for the Earth, between 
1900 and 1910. Within a few years the new magnetic charts of the 
Carnegie Institution of Washington will be available, and it will 
then doubtless be possible to settle definitely this interesting ques- 
tion as to whether the Earth, like every other magnet, is steadily 
losing its magnetic energy. 

The Table discloses the fact that the most remarkable change 
is occurring at present in the eastern portion of the Indian Ocean, 
as has been already indicated by the observations made on the 
Carnegie!^ In this region the annual diminution in G approaches 
0.001 C. G. S., or about 1 /300 part, or about the same as that 
caused by a moderate magnetic storm. (See also comparative data 
given in No. 5 of the preliminary results, p. 119). 

» Terr. Mag. vol. 16. p. 136. 
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MACiXETIC DECLINATIONS AND CHART CORRECTIONS OB- 

SERVED ON THE CARNEGIE FROM LON(; ISLAND SOUND 

TO HAMMERFEST. NORWAY, JUNE TO JULY, 1913.» 

By L. A. Bauer and J. P. Ault. 

A minus sign indicates west declination, and plus, east declination. The 
chart- values were those scaled from the following isogonic charts: British Ad- 
miralty No. 2598 for 1912; Reichs Marine-Amt. No. 383 (Tit. XIV, No. 1) for 
1915 and beyond its limits, Tit. XIV. No. 2, for 1910; U. S. Hydrographic Office 
No. 2409 for 1910. The scaled values were corrected for secular change accord- 
ing to the data given on the charts themselves. 





Position 




Chart Values 


Chart Corrections 


Date 




Car- 














Lati- Longi- 
tude tude 


negie 


Brit. 


Ger. 


U.S. 


Brit. 


Ger. 


U.S. 


1914 


/ 


o / 1 o 


o 


o 


o 


o 


o 


o 


June 10 


40 44N 


70 05VV -12.9 


-13.1 


-13.1 


-12.0 


+0.2 


-hO.2 


-0.9 


11 


40 35 N 


68 33VV -14.6 


-14.2 


-14.2 


-13.6 


-0.4 


-0.4 


-1.0 


11 


40 32 N 


67 09Wt-15.4 


-15.2 


-15.1 


-14.6 


-0.2 


-0.3 


-0.8 


12 


40 26N 


65 39VV;-16.6 


-16.0 


-15.9 


-15.5 


-0.6 


-0.7 


-1.1 


12 


40 14 N 


63 24VV|-17.7 


-17.1 


-17.3 


-16.4 


-0.6 


-0.4 


-1.3 


13 


40 03 N 


60 41W -19.0 


-18.6 


-18.6 


-17.7 


-0.4 


-0.4 


-1.3 


14 


40 09N 


55 41VV -22.1 


-21.4 


-21.6 


-19.9 


-0.7 


-0.5 


-2.2 


15 


39 22 N 


51 51WI-22.7 


-22.3 


-22.6 


-20.7 


-0.4 


-0.1 


-2.0 


15 


39 20 N 


51 48W -22.8 


-22.3 


-22.5 


-20.7 


-0.5 


-0.3 


-2.1 


16 


40 07N 


50 26VV'-23.5 


-23.3 


-23.6 


-21.8 


-0.2 


-hO.l 


-1.7 


16 


41 23 N 


48 32VV-25.5 


-24.6 


-24.7 


-23.4 


-0.9 


-0.8 


-2.1 


18 


44 39N 


44 18VV -28.2 


-28.1 


-27.5 


-27 4 


-0.1 


-0.7 


-0.8 


18 


45 43 N 


41 35W-28.8 


-28.8 


-28.3 


-28.3 


0.0 


-0.5 


-0.5 


19 


46 ION 


37 43VVi-28.8 


-28.8 


-28.2 


-27.8 


0.0 


-0.6 


-1.0 


20 


46 20 N 


36 29VV-29.1 


-28.6 


-28.1 


-27.7 


-0.5 


-1.0 


-1.4 


21 


49 OON 


30 32W -27.8 


-28.4 


-28.2 


-28.4 


H-0.6 


-hO.4 


+0.6 


22 


50 19 N 


28 54VV -28.2 


-28.3 


-28.3 


-28.7 


-fO.l 


H-0.1 


+0.5 


23 


52 32 N 


25 36W-28.1 


-27.8 


-27.5 


-28.5 


-0.3 


-0.6 


+0.4 


24 


55 24 N 


20 51W|-27.0 


-26.7 


-27.3 


-27.2 


-0.3 


-fO.3 


+0.2 


24 


55 28 N 


20 46VV!-27.6 


-26.7 


-27.3 


-27.2 


-0.9 


-0.3 


-0.4 


24 


55 38 N 


20 32Wi-26.9 


-26.7 


-27.2 


-27.1 


-0.2 


-fO.3 


+0.2 


25 


56 48 N 


18 28\V -27.4 


-26.1 


-26.8 


1-26.6 


-1.3 


-0.6 


-0.8 


25 


57 48 N 


16 41VV,-26.4 


-25.4 


-26.3 


-25.9 


-1.0 


-0.1 


-0.5 


25 


58 OON 


16 20\V!-26.4 


-25.3 


-26.2 


'-25.8 


-1.1 


-0.2 


-0.6 


26 


60 22 N 


11 58\V|-24.4 


-23.8 


-24.6 


-24.4 


-0.6 


-hO.2 


0.0 


27 


61 36 N 


9 12VV -23.4 


-23.1 


-23.4 


-23.1 


-0.3 


0.0 


-0.3 


27 


62 46 N 


6 08VV;-22.1 


-21.9 


-21.6 


-21.7 


-0.2 


-0.5 


-0.4 


28 


64 03 N 


1 n\\ -19.5 


-19.5 


-19.0 


-19.0 


0.0 


-0.5 


-0.5 


30 


67 33 N 


7 40E,-13.0 


-12.9 


-13.0 


-13.4 


-0.1 


0.0 


+0.4 


July 2 


70 36 N 


21 19 E 


- 2.7 

1 


- 3.5 


- 2.5 


1- 3.6 

! 


+0.8 


-0.2 


+0.9 



» For previous tables, see Terr, Mag., v. 15, pp. 57-82, 129-144; v. 16. pp. 133-136; v. 17. 
pp. 31-32. 97-101. 141-144. 179-180; v. 18. pp. 63-64. 111-112. 161-162; v. 19. p. 38. 
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THE ATMOSPHERIC-ELECTRIC OBSERVATIONS MADE 
ON THE SECOND CRUISE OF THE CARNEGIE. 

Report by C. W. Hewlett. 

The atmospheric-electric observations, of which an account is 
given in this report, were made in pursuance of the plan of work 
assigned to the Carnegie by Dr. Bauer, the Director of the Depart* 
ment of Terrestrial Magnetism of the Carnegie Institution of 
Washington. The observers received at all times the cordial sup- 
port of Captain Peters, who, throughout the cruise, was in com- 
mand of the vessel. The final reduction and discussion of the 
observations have been made under the direction of Dr. Swann. 

Atmospheric-electric observations on board a sailing ship are 
attended with peculiar difficulties, some of which up to the present 
have not been sufficiently overcome to insure the degree of accu- 
racy obtained in similar work on land. Chief among these diffi- 
culties is that of finding the proper factor for the reduction of the 
observed values of the potential-gradient, so as to obtain the values 
which exist in the undisturbed open. The changes which take 
place in the relative positions of the sails and yards with respect to 
the rest of the ship introduce variations into this reduction-factor, 
so that it is necessary to determine the latter for several arrange- 
ments of the sails. On account of the flying spray in the air, it is 
rather difficult to secure proper insulation in the potential-gradient 
observations. The difference of potential between the points oc- 
cupied by the two collectors is a rapidly fluctuating quantity on 
account of the rolling and pitching of the ship, so that if the col- 
lectors take up the potential of the air around them fairly rapidly, 
it becomes difficult to make an estimation of the mean value of 
the electroscope-reading. 

Besides the difficulties mentioned, the ship itself disturbs the 
currents of air which flow past it, so that portions of the air from 
above, containing distributions of ions very different from that in 
the region in which the potential-gradient is sought, may be brought 
down in the vicinity of the collectors and influence the observa- 
tions. It is not likely, however, that the error due to this source 
is of considerable magnitude. Less difficulty is experienced in 
obtaining good conditions for observations of the specific con- 
ductivity. The insulating portions of the apparatus are more or 
less shielded from the air, which is often loaded with fine spray. 
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It is necessary to have the instrument mounted on a rotating 
stand, so that it can be faced to the wind. Some inconvenience 
was experienced at times by the failing of the insulation of the 
charging device. At sea dry piles are especially unsatisfactory for 
this purpose. Portable batteries of Weston cells give fairly satis- 
factory results, although their voltage varies con^derably at 
times, on account of films of salt sf>ray which spread over the 
paraffin surfaces and connect the electrodes. 

The conditions peculiar to a sailing ship were felt to the greatest 
extent when making observations on the radioactivity of the at- 
mosphere by the wire-method of Elster and Geitel. In the first 
place, the insulation for the high voltage used is found very diffi- 
cult. The fine wire which was suspended was frequently overlooked 
by the sailors in their work, and knocked down., thus interrupting, 
and at times putting an end to the experiment. In these observa- 
tions the influence of the motion of the ship on the readings of the 
electroscope was also felt, as it is necessary for satisfactory work 
of this kind to obtain very accurate readings of the electroscope. 
Even with the best type of string-electroscope now nmde, the 
motion of the ship caused observable variations of the readings of 
the electroscope, although after some experience it was found pos- 
sible to make readings which were consistent to within 0.2 volt. 
This difficulty was not experienced, however, in the other observa- 
tions, because the error made by the motion of the ship was negli- 
gible in comparison with the other errors. 

The atmospheric-electric work on board the Carnegie has been 
confined entirely to observations of the specific conductivity, the 
potential-gradient, and the radioactivity of the atmosphere, the 
greater part of the observations consisting of the first two quan- 
tities named. The chart. Fig. 1, of the Carnegie's track, as followed 
on the present cruise, shows the regions in which the observations 
have been made. The observations are divided naturally into 
three principal groups, according to the observer who made them. 
From New York to Colombo, E. Kidson conducted the observa- 
tions; for the route from Colombo to Manila, owing to breakage 
in the instruments and the impossibility of having the requisite 
repairs made, there are no observations; from Manila to Tahiti, 
H. F. Johnston conducted the observations, and from Tahiti to 
New York, the work was carried on by C. W. Hewlett. 

Poiential'Gradient, Kidson and Johnston used two radium- 
collectors, suspended on a bamboo-pole, extending aft from the 
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Stern taff-rail. These two collectors lay approximately on the 
same horizontal plane. The observed values have been regarded 
as proportional to the potential-gradient, and are probably larger 
than the latter in the undisturbed open. In the work of the writer, 
two ionium-collectors were used. The farthest electrode was in- 
sulated from the bamboo-pole and connected by a fine wire to the 
3 
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fibers of a Wiechert electroscope. One meter nearer the ship the 
other electrode was hung and connected to the case of the electro- 
scope, which was unfortunately earthed instead of insulated, as it 
should have been, in order for the nearer collector to perform its 
proper function. The observed values thus indicate the difference 
of potential between the outer collector and the surface of the 
water. The values given are therefore to be regarded as relative only. 
The outer collector was 3.6 meters from the taff-rail. Normally, 
the collectors hung 4.5 meters above the surface of the water. 

The advantages of the ionium-collectors are twofold. First, 
the ionium-collectors produce only a rays, and these are of short 
range, so that the ionization is confined to a short region around 
the collector; the results are therefore more definite and reliable 
than in the case of the radium-collector, where in addition to the 
a rays, /3 and y rays are both to be considered, and also small 
quantities of emanation, which diffuses through the air, thus 
causing changes in the conductivity, and consequently in the 
potential-gradient. The second advantage is peculiar to observa- 
tions at sea. As mentioned previously, if the collectors take up 
the potential of the air around them very rapidly, it is rather 
difficult to estimate the mean values of the electroscope-reading 
on account of the rapid variations in the value of the potential- 
gradient introduced by the rolling and pitching of the ship. Now 
the radium-collector, on account of its large activity, suffers from 
this disadvantage, while the ionium-collector, on account of its 
smaller radioactivity, acts more slowly, and, after a few minutes 
the average reading is proportional to the mean potential-gradient; 
that is, provided the potential-gradient in the undisturbed open is 
not changing rapidly. The insulation of the outer collector was 
protected from spray and rain by a metal hood, which allowed the 
potential-gradient observations to be made even during rain. For 
these latter observations a small house was made for the electro- 
scope. 

In all of the work it has been attempted as far as possible to 
obtain the potential-gradient observations in such a manner that 
the mean time corresponding to them was the same as for the 
conductivity. Kidson and Johnston usually made the potential- 
gradient observations immediately after the conductivity observa- 
tions. The writer also used this method to a small extent, but 
during the greater portion of his work, the observations of the po- 
tential-gradient were distributed evenly over the period occupied 
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by the conductivity observations. On the last passage from Fal- 
mouth to New York, the electroscope which had previously been 
used for the potential-gradient observations had become damaged, 
and it became necessary to use the Wulf electroscope for this pur- 
pose. This instrument had been reserved for rather accurate 
work, so that it was thought advisable not to leave it exposed for 
any length of time to the weather and to the chance of accident. 
Hence, on this passage, the conductivity-observations were inter- 
rupted in the middle, and one observation of the potential-gradient 
was made. 

Conductivity. The same Gerdien conductivity-apparatus was 
used throughout the cruise. Kidson used a Lutz string-electroscope. 
Johnston and the writer made use of a Wiechert electroscope. The 
conductivity-apparatus was always turned towards the wind dur- 
ing observations. The drop of potential was usually noted for five 
minutes. When the wind was aft, the observations were often 
affected by smoke from the galley stove-pipe. The rate of leak 
was always observed with the apparatus closed up to prevent cir- 
culation of air within. All of the observations have been corrected 
for leak. 

From four to ten determinations of the conductivity, and from 
one to ten determinations of the potential gradient were made 
each day. The mean values, together with the corresponding 
ship's position and various meteorological data, are given at the 
end of this paper. The observations were usually made in the 
forenoon between 8 and 11 o'clock. On September 6, 1912, ob- 
servations on the conductivity were made hourly for eight hours, 
beginning at 3 P. M., and ending at 11 P. M. 

Radioactivity. The method used by all observers on the Carnegie 
for determining the radioactivity of the atmosphere has been the 
relative method proposed by Elster and Geitel. Kidson suspended 
about 16 meters of fine copper wire in the weather-rigging of the 
ship. This wire was charged to a negative potential by means of 
a Zamboni dry pile supposed to give 2,500 volts. The operation of 
this dry pile, however, was rather unsatisfactory, and varied over 
wide ranges. During exposure this wire was connected perma- 
nently to a Braun electroscope. The times of exposure of the wire 
varied considerably, it usually being attempted to make the period 
about two hours. At the end of this period the wire was taken 
down, coiled up, and introduced into an Elster and Geitel ioniza- 
tion-chamber, and the rate of leak of the attached electroscope was 
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observed. These observations began from five to ten minutes 
after the potential of the wire was reduced to zero. Kidson*s re- 
sults obtained during the present cruise from New York to Colombo, 
on the radioactivity of the atmosphere have already been pub- 
lished,* and hence they are not included here. In the observations 
on the radioactivity of the atmosphere made by the writer a Wulf 
electroscope and auxiliary apparatus was used. In order to be 
able to observe during the early part of the decay, the length of 
the wire was reduced to five meters, and it was suspended in easy 
reach of the other apparatus, between the main mast and the 
bridge. With very few exceptions, the time of exposure was two 
hours, and the observations of the rate of decay of the activity of 
the deposit on the wire began about 30 seconds after the potential 
of the wire was reduced to zero. Observations were made about 
every 10 seconds for the first four or five minutes, and thereafter 
the interval between readings varied from 15 seconds to 1 minute 
on the various occasions. In this way fairly accurate curves were 
obtained for the drop of potential of the electroscope, and from 
them the activity-curves could be calculated. The writer had the 
use of a new Zamboni dry pile, which operated more satisfactorily 
than the previous one. 

Results and Discussion. The mean values of the total con- 
ductivity, the ratio of the positive to the negative conductivities, 
and the potential-gradient are given in Table 1. The conductivity 
is expressed in electro-static units. 



Table 1. Mean resuUing values. 



Observ^er 


XX 10^ 


No. of 
days 1 
involved ; 


Xp 


No. of 

days 

involved , 


Relative 
Potential 
gradient 


No. of 

days 

involved 


Hewlett 


3.25 


202 


1.22 


202 


122 


186 


Kidson 


3.25 


61 


1.24 


61 


91 


25 


Johnston 


2.43 


70 


1.27 


70 


127 


54 


Means , 


3.07 


333 


1.23 


333 


120 


265 



It is to be remarked that only on one occasion during the whole 
cruise was a negative potential-gradient observed, although ob- 
servations were made frequently while it was raining. Usually 

« Terr. Mag., vol. 16. p. 237. 1911. 
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during rain the potential-gradient was very high, often exceeding 
the range which the electroscope would measure, but it was always 
positive. On the one occasion when a negative potential-gradient 
was observed the sky was nearly covered with clouds, but there 
was no rain. It should be noted that the largest values of q and 
the potential-gradient are associated with Johnston's smallest value 
of the conductivity, a relation which is to be expected. 

One very striking thing shown by the results is the large values 
for the conductivity and for q. The mean values of the conduc- 
tivity found over land up to the present is not much greater than 
2X10"^, while q is less than 1.20. It is not probable that these 
large v^alues of the conductivity can be due to large amounts of 
radioactive emanations in the atmosphere, for the following table, 
2, shows no' clear relation between the radioactivity of the atmos- 
phere and the conductivity. The activity is expressed in terms 
of the unit described farther on, and refers to the first five minutes 
of the decay of the radioactive deposit. 

Table 2. Regarding the relation between radioactivity and conductivity. 



Quantity 

1 


Mean 
Value 


Number 
of values 


Mean Number 
Value of values 


Mean 
Value 


Number 
of values 


Radioactivity 


3.9 


9 


1 

9.5 8 


24.6 


8 


Conductivity (XX W) 


3.51 


17 


3.03 20 


3.53 


22 



A word should be said in regard to the way in which this table 
was prepared. By plotting the positions of the radioactivity- 
experiments, it was found that in many cases the radioactivity 
would be of the same order of magnitude for a considerable stretch 
of passage. These portions of passages were then divided into 
three groups, according to the observed initial values of the ac- 
tivity of the deposits. This gave the three groups of activity- 
observations shown in the table. The values of conductivity over 
these portions of the track were then grouped according to the 
classification of the activity. Let us now examine the methods of 
observation of the conductivity and potential-gradient more 
closely to see how far they may aflfect the results. 

In the first place, the potential-gradient observations are at 
best only relative. Several attempts have been made to find the 
reduction-factor, but nothing satisfactory has yet been accom- 
plished in this line. Once during a calm in the Pacific Ocean, 
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Johnston and the writer went out in a small boat about half a 
mile from the ship and attempted to determine this reduction- 
factor. Not having anticipated the conditions in the small boat, 
this attempt proved fruitless. While in Bahia it was attempted to 
use a method devised by Simpson^ for determining the reduction- 
factor to be used on board a ship. On this occasion only a very 
limited time was available for the observations, and unfortunately 
the apparatus on board the ship failed to work satisfactorily. It is 
intended, however, to determine this reduction-factor on the next 
cruise of the Carnegie, The position of the sails during each set of 
observations have been recorded by the writer, so that when the 
proper factors have been found it will be possible to reduce the 
observations to the absolute potential-gradient. 

Shortly after the writer undertook the work, it was discovered 
that the ventilation of the Gerdien conductivity-apparatus was 
insufficient to afford a correct value of the conductivity. In the 
theory of the determination of the conductivity by means of this 
apparatus given by Gerdien,^ it is shown that for given initial 
values of the potential-diflference between the inner and outer 
cylinders, of the velocity of the air-current through the instru- 
ment, and of the specific velocity of the ions, all the ions which 
enter the instrument within a radius, which is a function of these 
conditions and of the dimensions of the apparatus, reach the 
inner cylinder. Of course, this can only take place provided 
this radius is less than that 6f the outer cylinder. The former can 
be diminished by decreasing the initial difference of potential be- 
tween the cylinders, or by increasing the velocity of the current 
of air through the instrument. It was not practical to increase 
the velocity of rotation of the fan, as the crank was already being 
rotated at 120 revolutions per minute. WTien the ventilation is 
insufficient, the observed value of the conductivity is too small, 
and, as the difference of potential between the inner and outer 
cylinders is decreased, the observed value of the conductivity in- 
creases. If one continues to decrease this difference of potential, 
the ventilation at last becomes sufficient and the observed values 
of the conductivity become constant. In this way the writer found 
that it was necessary to use initial differences of potential less than 
60 volts, with the crank rotating at the above rate, in order that 
the observed values of the conductivity be free from any error 

« Proc. R. Soc. A., v. 85. May 10. 1911. 
» Terr. Mag., vol. 10. 1905. p. 65. 
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due to lack of sufficient ventilation. Now the initial differences 
of potential used by Kidson and Johnston varied from 90 to 100 
volts, while at times the rate of rotation used by them was much 
less than that stated above. All of the results are therefore affected 
by this source of error, but those of the writer to a much less extent 
than the others. The error from these sources would make the 
observed values of conductivity too small. On the other hand, 
the observed values of q would be too large if the ventilation was 

insufficient for g = -^ - where n+ and w_, v^ and r_ are the 
^ n-v- 

specific numbers and velocities of the positive and negative ions 
respectively. — is less than 1. Now if the ventilation is in- 
sufficient for both positive* and negative ions, the observed value 
of q is easily seen to be — , which is greater than -^-^ , This 

ft— tl— V— 

in part explains why Kidson*s and Johnston's values of q are larger 
than tl)at found by the writer. 

Gerdien,* assuming that his apparatus may be treated as a 
portion of an infinite cylindrical condenser, shows that the 
specific conductivity of the atmosphere may be determined from 
the formula : 

1 C, V 

^ = 47T • //(21ogVa/r,) ^""^ V, 

C\ is the capacity of the electroscope, plus the inner cylinder and 
connecting rod, all of which are connected together; T is the num- 
ber of seconds between the instants when the potential as read on 
the electroscope was V^ and F, ; / is the length of the inner cylinder, 
and fa and r, the radii of the outer and inner cylinders, respectively. 
W. F. G. Swann' has shown that if C is the capacity of the charged 
body, plus that portion of the supporting rod which is exposed to 
the air-current, then whatever be the shape of the charged body, 
the conductivity is given by (1), provided that the outer cylinder 
nowhere intercepts the theoretical ionic stream-lines, which would 
represent the flow of electricity to the charged body for the same 
charge-distribution in the absence of the outer cylinder. 

• loc. cit. 
Terr. Mag., vol. 19, p. 86. 1914. 
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The difference between Gerdien*s expression and (1) is that C 

in the latter takes the place of ^r-; in the former. Xow C 

2 log fa / Ti 

is by no means equal to ^r-. r— ; while for the instrument used 

^ 2 log Ya /r, 

on the Carnegie, . , ; = 4.9, C was found to be 6.8. The 

2 log ra / fi 

supporting rod in the present apparatus was about 0.4 cms. in 
diameter, while that is the usual form of Gerdien in 0.2 cms., so 
that the effect of the rod here is greater than is generally the case; 
indeed, for the present instance, the values of X as calculated from 
Gerdien's formula would be 29% of this value higher than the 
values calculated by the formula which takes account of the rod ; 
or calling the values as calculated by the latter formula correct, 
we may say that the values calculated by Gerdien's formula are 
too high by 39% of their true value. It must be remarked, how- 
ever, that in view of the fact that the outer cylinder does interfere 
to a certain extent with the advent of the ionic stream-lines to the 
lower portion of the rod, the effect of the latter is not as great as 
it would otherwise be. The higher the air-velocity the more im- 
portant becomes the effect of the supporting rod. Experiments 
now in progress in the laboratory of the Department of Terrestrial 
Magnetism have borne out this conclusion, but without knowledge 
of the values of the specific velocities of the ions and of the air 
velocities in each experiment, it would be impossible to take ac- 
count of this effect. It appears, however, to be very small in an 

apparatus of normal dimensions. All of the results given in this 

C 
paper have been calculated from the formula (1), where ~ has 

been found to be 2.44. Kidson^s* values obtained during the 
first portion of the cruise have already been published, and were 
calculated from Gerdien *s formula. These have been recalculated 
on the basis of the above formula. In comparing the results of the 
present observations with those of other observers, the above facts 
must be borne in mind. 

The fact that too high initial potentials have at times been 
used, and that the velocity of the stream of air through the in- 
strument has in some cases been too small, makes it almost certain 
that the true values of the conductivity are, if anything, greater 
than the values here given. Taking everything into consideration, 
it is deemed safe to say that, over the oceanic regions where we ob- 

• loc. cit. 
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served, the average value of the conductivity is not less than 3.25 X 10~^, 
q is not greater than 1.2, and that the mean value of potential-gradient 
near the surface of the water is of the order of magnitude of 120 volts 
per meter. 

It has been attempted to discoxer any relations which may 
exist between the various atmospheric-electric elements or between 
these and the various meteorological factors. As a rule, the rela- 
tions, which have been found, agree with those which have been 
previously known to exist on land. On account of the varying 
conditions under which the observations were made, it was deemed 
advisable to proceed in the following way in order to discover any 
relation between an element and any other quantity. For a given 
passage one of the quantities was chosen as the independent vari- 
able, and all of the observed values were sorted out into four 
groups, according to magnitude, each group containing as nearly 
the same number of observations as possible. The observed 
values of the other quantity (regarded as the dependent variable) 
were then also sorted out into four groups, each observation falling 
into the group corresponding to the group in which its correspond- 
ing independent observation occurred. The mean value of each 
group was then found, and, regarding the mean value of a group 
as representing the group, the corresponding groups of the two 
quantities were compared. Next the corresponding groups for the 
whole of an observer's work were combined, and finally for the 
whole cruise. Obviously, if one is simply looking for the direction 
of the variation it does not make any difference which quantity 
one chooses as the independent variable. Suppose we choose, say 
the conductivity, as the independent variable, and arrange with 
regard to it all the other quantities, including the other atmospheric- 
electric elements and v^arious meteoroloigcal factors. With a 
proper exercise of judgment, we can then discover any relations 
which are sufficiently well marked to be worth considering. Table 
3 was found in this way. Each passage is given a horizontal sec- 
tion in the table, and then the summary of each observer's work is 
given at the end. The numbers in the brackets indicate the num- 
ber of observations from which each mean is deduced. For in- 
stance, on the passage from Tahiti to Coronel, 1.22, 2.65, 3.25, and 
3.65 represent the mean values of each of the four groups of con- 
ductivity (grouped according to magnitude) containing (6), (6), 
(6), and (5) observations, respectively. 

If the atmosphere were in a steady state, the values of the 
4 
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Table 3. 







Poten- 


q - — 


Relative 


Temper- 
ature 


Absolute 


At noi. 


Pas^ge 


A X10« 


tial 


humidity. 


degrees. 


humi Jity 


Clouds 


Presi.ire 






gradient 


per cent 


Centi- 


grams 




in mm. 








1 






grade 


/cm* 








1.22 (6) 1 162 


(5) 


1.30 (6) 


75.5 (6) 


15.1 (6) 


9.7 (6) 


5.2 (4) 


763.2 (6) 


Tahiti to 


2.65 (6) 1 189 


. (2) 


1.22 (6) 


78.5 (6) 


15.1 (6) 


10.0 »6) 


5.7 (6) 


763.0 (6) 


Coronel 


3.25 (6) 185 


(3) 


1.29 (6) 


83.2 (6) 


12.6 (6) 


9.2 (6) 


7.4 (6) 


763.2 (6) 




3.65 (5) j 156 


(4) 


1.28 (5) 


73.8 (5) 


12.0 (5) 


7.8 (5) 


8.8 (5) 


767.9 (5) 




1.21 (8) 136 


(7) 


1.17 (8) 


86.9 (8) 


14.0 (8) 


10.7 (8) 


7.9 (8) 


756.4 (8) 


Coronel to 


2.08 (10) 1 147 


(8) 


1.20(10) 


75.1 (10) 


15.5 (10) 


10.2 (10) 


5.6 (10) 


758.5 (10) 


Stanley 


2.92(12) 1 114 


(12) 


1.23(12) 


73.6(12) 


18.0(12) 


11.8(12) 


4.8 (12) 


760.9 (12) 




3.48 (8) 1 114 

1 


(8) 


1.26 (8) 


77.1 (8) 


18.8 (8) 


12.8 (8) 


5.6 (8) 


762.3 (8) 




1.90 (9) ' 148 


(7) 


1.35 (9) 


92.0 (9) 


6.1 (9) 


6.9 (9) 


9.3 (9) 


755.0 (9) 


Stanley to 


2.95 (10) 1 106 


(10) 


1.15(10) 


83.2 (10) 


10.4 (10) 


8.4 (9) 


6.2 (10) 
6.2 (10) 


761.3 (10) 


St. Helena 


3,89(10) . 105 


(10) 


1.24 (10) 


77.5 (10) 


15.0(10) 


10.8 (10) 


763.9 (10) 




4.38 (9) 


88 


(8) 


1.13 (9) 


76.0 (9) 


18.0 (9) 


12.3 (9) 


6.7 (9) 


764.8 (9) 




2.03 (4) 


137 


(4) 


1.30 (4) 


67.7 (4) 


26.6 (4) 


16.8 (4) 


2.1 (4) 
3.1 (4) 


760.7 (4) 


St. Helena to 


3.00 (4) 


118 


(4) 


0.98 (4) 


72.8 (4) 


25.8 (4) 


17.2 (4) 


760.6 (4) 


Bahia 


3.91 (3) 


119 


(3) 


1.23 (3) 


72.7 (3) 


26.1 (3) 


17.7 (3) 


3.6 (3) 


760.9 (3) 




4.13 (3) 


109 


(3) 


1.17 (3) 


78.0 (3) 


26.2 (3) 


18.9 (3) 


6.8 (3) 


760.8 (3) 




3.16 (5) 1 105 


(5) 


1.12 (5) 


75.6 (5) 


23.0 (5) 


14.5 (5) 


8.7 (5) 


762.4 (5) 


Bahia to 


4.03 (6) 


120 


(6) 


1.16 (6) 


72.3 (6) 


23.0 (6) 


15.2 (6) 


5.1 (5) 
5.1 (5) 
8.0 (5) 


763.3 (6) 


St. Helena 


4.44 (5) 


89 


(5) 


I.IO (5) 


75.8 (5) 


22.9 (5) 


16.2 (5) 


762.5 (5) 




4.99 (4) 1 92 


(4) 


1.18 (4) 


64.2 (4) 


19.2 (4) 


10.6 (4) 


768.2 (4) 




1.80 (8) 147 


(8) 


1.22 (8) 


78.4 (8) 


23.2 (8) 


16.4 (8) 


5.1 (8) 


766.2 (8) 


St. Helena to 


3.02 (8) 98 


(8) 


1.31 (8) 


76.5 (8) 


23.2 (8) 


16.1 (8) 


5.8 (8) 


765.2 (8) 


Falmouth 


3.61 (8) , 121 


(8) 


1.21 (8) 


79.0 (8) 


24.0 (8) 


17.0 (8) 


4.8 (8) 


767.4 (8) 




6.36 (9) 118 


(9) 


1.26 (9) 


71.7 (9) 


24.5 (9) 


16.0 (9) 


3.9 (9) 769.4 (9) 




1.96 (9) 186 


(7) 


1.38 (9) 


73.0 (9) 


15.1 (9) 


9.8 (9) 


7.1 (9) 


762.9 (9) 


Falmouth to 


3.05 (10) 89 


(9) 


1.13(10) 


73.3 (10) 


17.2 (10) 


10.1 (10) 


8.0 (10) 
7.7 (8) 


763.7 (10) 


New York 


4.01 (8) 118 


(7) 


1.23 (8) 


70.4 (8) 


15.7 (8) 
18.4 (9) 


9.3 (8) 


760.6 (8) 




4.73 (9) 119 


(9) 


1.17 (9) 


75.2 (9) 


11.9 (9) 


7.5 (9) 


764.5 (9) 




1.90 (7) 
2.64 (7) 
3.08 (8) 






1.30 (7) 
1.28 (7) 
1.33 (8) 


78.6 (7) 
79.4 (7) 
81.8 (8) 


26.3 (7) 
26.1 (7) 
26.0 (8) 


19.3 (7) 
19.3 (7) 
19.7 (8) 




760.3 (7) 


New York to 






758.3 (6) 


Rio de Janerio 






760.4 (8) 




3.95 (7) 






1.12 (7) 


76.3 (7) 


26.3 (7) 


18.7 (7) 




760.6 (7) 




2.25 (8) 


124 


(6) 


1.30 (8) 


83.8 (8) 


17.5 (8) 


12.6 (8) 




764.5 (8) 


Rio de Janeiro 


3.11 (8) 


115 


(2) 


1.23 (8) 


83.4 (8) 


18.2 (8) 


13.0 (8) 




760.4 (8) 


to Colombo 


3.86 (8) 72 


(6) 


1.16 (8) 


80.5 (8) 


15.1 (8) 


10.4 (8) 




763.4 (8) 




5.05 (8) 


70 


(5) 


1.22 (8) 


84.5 (8) 


19.6 (8) 


14.6 (8) 




763 1 (8) 




2.04 (6) 
2.48 (6) 


98 


(5) 


1.14 (6) 


73.7 (6) 


27.6 (6) 


19.1 (6) 


5.2 (5) 
3,2 (6) 


759.7 (6) 


Manila to 


112 


(5) 


1.14 (6) 


70.3 (6) 


30.3 (6) 


21.4 (6) 


757.0 (6) 


Suva 


2.81 (6) 


112 


(4) 


1.25 (6) 


79.2 (6) 


26.9 (6) 


20.0 (6) 


3.7 (5) 


759.2 (6) 




3.15 (5) 


95 


(4) 


1.10 (5) 


75.4 (5) 


25.2 (5) 


17.5 (5) 


3.2 (5) 


760.2 (5) 




1.51 (10) 


133 


(10) 


1.42 (10) 


76.1 (10) 


25.1 (10) 


17.6(10) 


4.0 (10) 

4.1 (9) 


759.7 (10) 


Suva to 


2.17 (9) 


125 


(8) 


1.23 (9) 


75.0 (9) 


22.3 (9) 


15.2 (9) 


757.7 (9) 


Tahiti 


2.56 (10) 


160 


(9) 


1.37 (10) 


74.5 (10) 


23.9 (10) 


16.1 (10) 


3.6 (10) 


758.9 (10) 




3.41 (9) 


145 


(7) 


1.32 (9) 


67.2 (9) 


18.4 (9) 


10.8 (9) 


5.^ (9) 


759.2 (9) 


Means from 


1.84 (49) 


148 


(43) 


1.27 (49) 


79.8 (49) 


16.3 (49) 


11.5(49) 


6.9 (47) 
6.0 (53) 


760.8 (49) 


Tahiti to 


2.91 (54) 


115 


(47) 


1.18(54) 


76.4 (54) 


17.6 (54) 


11.8(53) 


762.2 (54) 


New York 


3.67 (52) 


116 


(48) 


1.22 (52) 


76.0 (52) 


18.3 (52) 


12.5 (52) 


5.8 (52) 


762.8 (52) 




4.63 (47) 


112 


(45) 


1.21 (47) 


74.1 (47) 


19.4 (47) 


12.8 (47) 


6.5 (48) 


765.6 (47) 


Means from 


2.10(15) 


124 


(6) 


1.30(15) 


81.3(15) 


21.6(15) 


15.7 (15) 




762.5 (15) 


New York to 


2.89 (15) 
3.47 (16) 


115 


(2) 


1.25(15) 


81.5 (15) 


21.9(15) 


15.9(15) 




759.5 (14) 


Colombo 


72 


(6) 


1.24 (16) 


81.2 (16) 


20.6(16) 


15.0(16) 




761.9 (16) 




4.54 (15) 


70 


(5) 


1.17 (15) 


80.7 (15) 


22.7 (15) 


16.5 (15) 




761.9 (15) 


Means from 


1.71 (16) 


121 


(15) 


1.32 (16) 


75.2 (16) 


26.0 (16) 


18.2 (16) 


4.4 (15) 


759.7 (16) 


Manila to 


2.29 (15) 


120 


(13) 
(13) 


1.19(15) 


73.1 (15) 


25.5(15) 


17.7 (15) 


3.7 (15) 


757.4 (15) 


Tahiti 


2.65 (16) 


145 


1.33 (16) 


76.3 (16) 


25.0 (16) 


17.6(16) 


3.6 (15) 
4.4 (14) 


759.0 (16) 




3.32 (14) 


127 


(11) 


1.24(14) 


70.1 (14) 


20.8 (14) 


13.2 (14) 


759.6 (14) 




1.86 (80) 


139 


(64) 


1.29 (80) 


79.1 (80) 


19.3 (80) 


13.6 (80) 


6.3 (62) 


760.9 (80) 


Means for 


2.79 (84) 


116 


(62) 


1.19 (84) 


76.7 (84) 


19.8( 84) 


13.6 (83) 


5.5 (68) 


760.9 (83) 


whole cruise 


3.44 (84) 


118 


(67) 


1.25(84) 


77.0 (84) 


20.0 (84) 


13.9 (84) 


5.3 (67) 


761.9 (84) 




4.37 (76) 


112 


(61) 


1.21 (76) 


74.7 (76) 


20.2 (76) 


13.6 (76) 


6.0 (62) 


763.7 (76) 
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conductivity, of q, and of the potential-gradient would be com- 
pletely determined at each point, provided we were given the 
values of the rate of formation of the ions, their rate of recombi- 
nation, and their specific velocities at each point. Any effect of 
the meteorological factors on the conductivity, q, and the potential- 
gradient, is only to be produced by their effect on the above funda- 
mental quantities. Now a general consideration of the mechanism 
of the production of a steady state in the atmosphere results in 
the conclusions that both the positive and negative conductivities, 
and hence the total conductivity, should decrease with increase of 
potential-gradient, and that the ratio of the positive to the nega- 
tive conductivity should increase with increase of potential-gradient. 
Although the electrical state of the atmosphere cannot be regarded 
as steady, still, in view of the slowness with which the changes 
take place, it is interesting to see how far the above relations hold. 
We shall also consider how the meteorological factors affect the 
atmospheric-electfic elements, and see whether the effect is con- 
sistent with what we should suppose to be the action on the funda- 
mental quantities mentioned above. 

In most of the passages it is seen that both the potential-gradient 
and q decrease with increase of the conductivity, and in the final 
mean this relation is shown very clearly. In the various portions 
of the passage from Tahiti to New York it is seen that large values 
of the conductivity correspond to small values of- the relative 
humidity, and vice versa. In the first half of the cruise, from New 
York to Tahiti, this relation is not clearly indicated in the separate 
portions, but it is revealed in the final means from New York to 
Colombo, and from Manila to Tahiti. . This relation will be dis- 
cussed more in detail further on, where the groups are made with 
the relative humidity for the independent variable. There is also 
a clear relation between the conductivity and temperature, increase 
of temperature corresponding to the increase in conductivity. 
Increase of the conductivity is accompanied by little change in 
the absolute humidity. Both of these last variations are discussed 
further on, however, where the temperature and absolute humidity 
are treated as the independent variables. It was thought that 
possibly solar radiations might in some way affect the conductivity 
at the surface of the Earth, so that the observations of the cloudi- 
ness of the sk>' were grouped according to the conductivities. 
There does not appear to be any relation here, however, so we may 
conclude that there are no radiations from above or without which 
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are cut off by the presence of clouds and which affect the con- 
ductivity. Large values of the conductivity seem to correspond 
to large values of atmospheric pressure, but the relation here is 
probably indirect in nature, as it is difficult to see how such small 
changes in the pressure could affect appreciably the rate of pro- 
duction, the rate of recombination, or the specific velocities of the 
ions. 

Table 4 is designed to show the relation existing between the 
potential-gradient and g, considering the potential-gradient as the 
independent variable. What one would expect is that the effect 
of the potential-gradient would be to draw positive ions near the 
surface of the Earth and drive the negative ions out, thus increas- 

ing the ratio — ^, and consequently increasing q. This is not as 
ti— 

obvious, however, as it seems at first sight, for the real phenomenon 

is that both w-^ and w_ are decreased by the potential-gradient, 



Table 4. 



Passage 


Potential- 
gradient 


q = 


Xn 1 


Passage 


Potential- 
gradient 


Xp 


Tahiti 


114 


(3) 


1.17 


(3) 


Coronel 


64 


(8) 


1.14 (8) 


to 


158 


(4) 


1.29 


(4) 


to 


101 


(9) 


1.26 (9) 


Coronci 


194 


(4) 


1.22 


(4) 


Stanley 


135 


(9) 


1 . 16 (9) 




211 


(3) 


1.48 


(3) 




197 


(9) 


1.36 (9) 


Stanley 


51 


(8) 


1.14 


(8) 


St. Helena 


82 


(3) 


1.02 (3) 


to 


90 


(9) 


1.07 


(9) 


to 


124 


(4) 


1.08 (4) 


St. Helena 


117 


(9) 


1.20 


(9) 


Bahia 


133 


(4) 


1.23 (4) 




176 


(9) 


1.47 


(9) 




143 


(3) 


1.32 (3) 


Bahia 


65 


(5) 


1.15 


(5) 


St. Helena 


77 


(8) 


1.22 (8) 


to 


94 


(5) 


1.21 


(5) 


to 


108 


(8) 


1.28 (8) 


St. Helena 


no 


(5) 


1.10 


(5) 


Falmouth 


127 


(9) 


1.29 (9) 




142 


(5) 


1.10 


(5) 




171 


(8) 


1.18 (8) 


Falmouth 


55 


(7) 


1.15 


(7) 


Means from 


67 


(42) 


1.15 (42) 


to 


100 


(8) 


1.10 


(8) 


Tahiti to 


106 


(47) 


1.18 (47) 


New ^'o^k 


128 


(8) 


1.18 


(8) 


New York 


131 


(48) 


1,20 (48) 




210 


(8) 


1.16 


(8) 




182 


(45) 


1.29 (45) 


Rio de Janeiro 


54 


(4) 


1.08 


(4) 


Manila 


78 


(5) 


1.11 (5) 


to 


70 


(5) 


1.05 


(5) 


to 


102 


(5) 


1.16 (5) 


Colombo 


91 


(5) 


1.17 


(5) 


Suva 


116 


(5) 


1.18 (5) 




148 


(5) 


1.48 


(5) 




125 


(4) 


1.09 (4) 


Suva 


80 


(9) 


1.41 


(9) 


Means for 


69 


(60) 


1.18 (60) 


to 


130 


(8) 


1.31 


(8) 


whole cruise 


106 


(65) 


1.19 (65) 


Tahiti 


162 


(9) 


1.25 


(9) 




131 


(67) 


1.20 (67) 




196 


(8) 


1.34 


(8) 




177 


(62) 


1.30 (62) 
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Table 5. 





Relative 
humid., 
per cent 

68.3 (6) 

73.8 (5) 
79.7 (6) 

88.9 (6) 


Potential- 
gradient 


A X 10« 


q 


Temper- 
ature. 

degrees 
Centi- 
grade 


A XIO* 


Q 


.Absolute 

humid., 

grams 

/cm.» 


A X 10« 


q 


Tahiti to 
Coronel 


156 
144 
174 
201 


(5) 
(3) 
(2) 
(4) 


2.30 (6) 
2.86 (5) 
2.79 (6) 
2.51 (6) 


1.24 (6) 
1.20 (5) 

1.25 (6) 
1.40 (6) 


11.2 (6) 
13.0 (6) 
15.0 (6) 
16.4 (5) 


3.43 (6) 
3.05 (6) 
1.90 (6) 
2.12 (5) 


1.33 (6) 
1.19 (6) 
1.32 (6) 
1.26 (5) 


7.6 (5) 
8.5 (6) 
9.2 (6) 
11.5 (6) 


3.24 (5) 
2.90 16) 
2.22 (6) 
2.32 (6) 


1.23 (5) 
1.30 (6) 
1.21 (6) 
1.34 (6) 


C!oronel to 
Stanley 


62.7 (9) 
72.7 (10) 

81.7 (10) 

93.8 (9) 


118 
119 
114 
153 


(8) 

(8) 

(10) 

(9) 


2.63 (9) 

2.64 (10) 
2.77 (10) 
1.72 (9) 


1.16 (9) 
1.14(10) 
1.33 (10) 
1.23 (9) 


8.9 (9) 
12.8 (10) 
21.4(10) 
23.5 (9) 


2.25 (9) 
2.34(10) 
2.24 (10) 
3.04 (9) 


1.22 (9) 

1.21 (10) 

1.22 (10) 
1.22 (9) 


6.8 (9) 
8.8 (10) 
13.5 (10) 
16.2 (9) 


2.36 (9) 
2.17 (10) 
2.69 (10) 
2.61 (9) 


1.29 (9) 
1.12 (10) 
1.16 (10) 

1.30 (9) 


Stanley to 
St. Helena 


66.3 (9) 
77.1 (10) 

88.4 (10) 
96.3 (9) 


113 
101 
87 
142 


(9) 
(9) 
(9) 
(8) 


3.53 (9) 1.12 (9) 
4.12(10) 1.16(10) 
3.16(10) 1.20(10) 
2.23 (9) 1.39 (9) 


2.8 (9) 

5.9 (10) 
17.2 (10) 
23.8 (9) 


2.86 (9) 

2.87 (10) 
3.36 (10) 
4.06 (9) 


1.26 (9) 
1.32 (10) 
1.17 (10) 
1.11 (9) 


5.0 (9) 
6.4 (10) 
11.4(10) 
15.6 (9) 


3.38 (9) 
2.41 (10) 
3.30 (10) 
4.13 (9) 


1.28 (9) 
1.25 (10) 
1.19 (10) 
1.14 (9) 


St. Helena 
to Bahia 


64.3 (3) 
69.0 (4) 
73.5 (4) 
82.3 (3) 


132 
136 
130 
82 


(3) 
(4) 
(4) 
(3) 


2.40 (3) 
2.84 (4) 
3.50 (4) 
3.89 (3) 


1.28 (3) 
1.18 (4) 
1.16 (4) 
1.02 (3) 


24.4 (3) 
26.1 (4) 
26.6 (6) 
27.4 (3) 


3.89 (3) 
2.56 (4) 
2.96 (4) 
3.51 (3) 


1.02 (3) 
1.28 (4) 
1.14 (4) 
1.17 (3) 


16.2 (3) 
16.9 (4) 
18.2 (4) 
18.9 (3) 


1.94 (3) 
3.18 (4) 
3.36 (4) 
4.07 (3) 


1.38 (3) 

1.12 (4) 
1.08 (4) 

1.13 (3) 


Bahia to 
St. Helena 


62.4 (5) 
68.4 (5) 
71.6 (5) 
87.2 (5) 


106 

109 

126 

71 


(5) 
(5) 
(5) 
(5) 


4.36 (5) 
4.42 (5) 
3.79 (5) 
3.87 (5) 


1.09 (5) 
1.16 (5) 
1.12 (5) 
1.19 (5) 


17.0 (5) 
20.2 (5) 

25.0 (5) 

27.1 (5) 


4.28 (5) 
4.61 (S) 
3.86 (5) 
3.63 (5) 


1.13 (5) 

1.14 (5) 
1.22 (5) 
1.08 (5) 


9.1 (5) 
12.4 (5) 
16.4 (5) 
18.8 (5) 


4.44 (5) 
4.36 (5) 
3.54 (5) 
4.09 (5) 


1.14 (5) 
1.09 (5) 
1.11 (5) 
1.23 (5) 


St. Helena 

to 
Falmouth 


65.2 (8) 
73.6 (9) 
78.4 (8) 
88.1 (8) 


116 
116 
107 
146 


(8) 
(9) 
(8) 
(8) 


3.92 (8) 

5.09 (9) 

3.10 (8) 
2.84 (8) 


1.19 (8) 
1.29 (9) 
1,28 (8) 
1.23 (8) 


18.4 (9) 

24.5 (8) 

25.8 (8) 

26.9 (8) 


2.74 (9) 
5.97 (8) 
3.54 («) 
3.01 (8) 


1.21 (9) 
1.24 (8) 
1.29 (8) 
1.27 (8) 


12.3 (8) 
15.8 (9) 
17.8 (8) 
19.6 (8) 


2.80 (8) 
5.84 (9) 
2.93 (8) 
3.28 (8) 


1.17 (8) 
1.30 (9) 
1.22 (8) 
1.30 (8) 


Falmouth 

to 
New York 


59.9 (9) 
67.0 (9) 
76.9 (9) 
88.4 (9) 


128 
138 
88 
150 


(9) 
(8) 
(8) 
(7) 


3.71 (9) 
2.64 (9) 
3.70 (9) 
3.59 (9) 


1.18 (9) 
1.29 (9) 
1.13 (9) 
1.29 (9) 


12.4 (9) 
16.2 (9) 
17.9 (9) 
20.2 (9) 


2.95 (9) 
3.70 (9)' 
3.51 (9) 
3.49 (9) 


1.38 (9) 
1.12 (9) 
1.21 (9) 
1.19 (9) 


7.4 (9) 
9.6 (9) 
10.7 (9) 
14.1 (9) 


2.95 (9) 1.33 (9) 
3.52 (9) 1.12 (9) 
3.95 (9) 1.17 (9) 
3.22 (9) 1.27 (9) 


New York 


70.1 (7) 
76.1 (7) 
82.0 (8) 
87.7 (7) 




2.85 (7) 
2.96 (7) 
2.89 (8) 
2.92 (7) 


1.22 (7) 24.1 (7) 


2.73 (7) 
3.12 (7) 
3.04 (8) 
2.70 (7) 


1.26 (7) 16.6 C7) 


2.97 (7) 1.21 (7) 
2.66 (8) 1.18 (8) 


to 




1.18 (7) 
1.39 (8) 
1.23 (7) 


26.0 (7) 
26.9 (8) 

27.6 m 


1.23 (7) 


19.0 (8) 
20.2 (7) 
21.4 (7) 


Riode 




1,19 (8) 
1.38 (7) 


3.42 (7) 1.28 (7) 
2.60 (7) 1.38 (7) 














Riode 
Janeiro 

to 
Colombo 


71.8 (8) 
79.7 (8) 
86.5 (8) 
94.1 (8) 


101 
93 
84 
94 


(5) 
(3) 

1?1 


3.20 (8) 
3.99 (8) 
3.45 (8) 
3.63 (8) 


1.21 (8) ' 12.6 (8) 
1.23 (8) 15.6 (8) 
1.14 (8) 19.1 (8) 
1.32 (8) 23.1 (8) 


3.74 (8) 

3.08 (8) 

3.09 (8) 
4.36 (8) 


1.25 (8) 

1.26 (8) 
1.12 (8) 
1.26 (8) 


9,0 (8) 
10.8 (8) 
13.4 (8) 
17.4 (8) 


3.52 (8) 
3.59 (8) 
2.79 (8) 
4,36 (8) 


1.22 (8) 
1.15 (8) 
1.26 (8) 
1.26 (8) 


Manila 
to Suva 


66.4 (5) 
71.2 (5) 
74.7 (7) 
84.2 (6) 


108 
106 
118 
88 


(4) 
(5) 


2.67 (5) 
2.55 (5) 
2.47 (7) 
2.72 (6) 


1.16 (5) 
1.12 (5) 
1.14 (7) 
1.22 (6) 


23.6 (5) 
26.2 (5) 

28.7 (7) 
30.9 (6) 


3.08 (5) 
2.36 (5) 
2,45 (7) 
2.56 (6) 


1.25 (5) 
1.10 (5) 

1.14 (7) 

1.15 (6) 


15.9 (6) 
18.2 (5) 
20.7 (6) 
23.4 (6) 


2.82 (6) 

2.48 (5) 

2.49 (6) 
2.58 (6) 


1.06 (6) 
1.33 (5) 
1.14 (6) 
1.13 (6) 


Suva' to 
Tahiti 


62.2 (9) 
71.9(10) 
75.9 (10) 
83.1 (9) 


134 
158 
152 
113 


(9) 

(8) 

(10) 

(7 


2.74 (9) 
2.67 (10) 
2.02 (10) 
2.15 (9) 


1.34 (9) 

1.29 (10) 
1.41 (10) 

1.30 (9) 


16.4 (9) 
20,1 (10) 
26.0 (10) 
27.4 (9) 


2.60 (9) 
2.57 (10) 
2.27 (10) 
2.07 (9) 


1.26 (9) 

1.36 (10) 

1.37 (10) 
1,36 (9) 


9.2 (9) 
13.4 (10) 
17.9 (10) 
19.4 (9) 


3.05 (9) 
2.47 (10) 
2.03 (10) 
2.17 (9) 


1.24 (9) 

1.39 (10) 

1.40 (10) 
1.31 (9) 


Means 

from 
Tahiti to 
New York 


64.0 (49) 

72.1 (52) 
79.8 (52) 
90.4 (49) 


122 (47) 
120 (46) 
108 (46) 
139 (44) 


3.33 (49) 
3.56 (52) 
3.21 (52) 
2.77 (49) 


1.17 (49) 
1.21 (52) 
1.21 (52) 
1.27 (49) 


12.2 (50) 

15.6 (52) 

20.7 (52) 
23.4 (48) 


3.02 (50) 
3.55 (52) 
3.05 (52) 
3.31 (48) 


1.25 (50) 
1.22 (52) 
1.22 (52) 
1.19 (48) 


8.5 (48) 
10.6 (53) 
13.4(52) 
16.1 (49) 


3.02 (48) 
3.43 (53) 
3.15 (52) 
3.32 (49) 


1.26 (48) 
1.19 (53) 
1.17 (52) 
1.25 (49) 


Means 
from New 

York to 
Colombo 


71.0(15) 

78.1 (15) 

84.2 (16) 
91.3(15) 


101 
93 
84 
94 


(5) 
(3) 
(6) 
(5) 


3.04 (IS) 
3.51 (15) 
3.17 (16) 
3.30 (15) 


1.21 (15) 
1.21 (15) 
1.26 (16) 
1.28(15) 


18.0 (15) 
20.5 (15) 
23.0 (16) 
25.2 (15) 


3.27 (15) 
3.10(15) 
3.07 (16) 
3.59 (15) 


1.25(15) 
1.25(15) 
1.16(16) 
1.32 (15) 


12.6 (15) 
14.9( 16) 
16.6 (15) 
19.5 (15) 


3.25 (15) 
3.12 (16) 
3.08(15) 
3.54 (15) 


1.22 (15) 
1.17 (16) 
1.27 (15) 
1.32 (15) 


Means 

from 

Manila to 

Tahiti 


63.7 (14) 
71.7(15) 
75.4(17) 
83.5 (15) 


125 
138 
141 
103 


(14) 
(13) 
(14) 
(12) 


2.78(14) 
2.63 (15) 
2.21 (17) 
2.38 (15) 


1.28(14) 
1.23(15) 
1.29(17) 
1.27 (15) 


19.0 (14) 

22.1 (15) 
27.1 (17) 
28.8 (15) 


2.77 (14) 
2.50 (15) 
2.34 (17) 
2.27 (15) 


1.26 (14) 

1.27 (15) 

1.28 (17) 
1.28 (15) 


11.8 (IS) 
15.0 (15) 
19.0 (16) 
21.0 (15) 


2.96(15) 
2.47 (15) 
2.20 (16) 
2.34 (15) 


1.17 (15) 
1.36 (15) 
1.30 (16) 
1.24 (15) 


.Means 

for whole 

cruise 


65.3 (78) 

73.1 (82) 
' 79.8 (85) 

88.2 (79) 


121 
123 
113 
129 


(66) 
(62) 
(66) 
(61) 


3.16(78) 
3.38 (82) 
3.00 (85) 
2.81 (79) 


1.20 (78) 

1.21 (82) 
1.24 (85) 
1.27 (79) 


14.5 (79) 

17.7 (82) 
22.4 f85) 

24.8 (78) 


3.02 (79) 
3.28 (82) 
2.91 (85) 
3.16 (78) 


1.25 (79) 
1.23 (82) 
1.22 (85) 
1.23(78) 


9.9 (78) 
12.2 (84) 
15.1 (83) 
17.7 (79) 


3.05 (78) 
3.20 (84) 
2.95 (83) 
3.17 (79) 


1.23 (78) 
1.22 (84) 
1.21 (83) 
1.26 (79) 
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but ti- is decreased to a greater extent.* This expectation is borne 
out not only by the summary for the whole cruise, but by the re- 
sults from nearly all of the passages separately. 

Table 5 contains the observations of the conductivity and q 
grouped in three ways, namely, with the relative humidity, with 
the temperature, and with the absolute humidity, as independent 
variables. The potential-gradient is also grouped with the relative 
humidity as the independent variable. If the relative humidity is 
to produce any effect on the atmospheric-electric elements, we 
should expect it to be brought about by its effect on the specific 
velocities and the rate of recombination of the ions. It is not con- 
ceivable how variations in the relative humidity could affect the 
rate of production of ions, and any effect on the rate of recombina- 
tion must be indirect. In the first place, the specific velocity of 
the ions would be decreased by a portion of them associating them- 
selves with particles of water- vapor. In the second place, water- 
vapor ions presumably have a larger volume than simpler ions, so 
that the chance of collision is increased by their presence. In 
other words, increase in the amount of water-vapor would be 
expected to increase the rate of recombination, which would result 
in a decrease in the nifmber of ions per cubic centimeter. Both of 
the effects considered would lead us to expect an increase in the 
relative humidity to be accompanied by a decrease in the con- 
ductivity. This expectation is borne out quite well by the observa- 
tions, most of the separate passages showing the effect. The 
effect is most pronounced when the relative humidity is over 80%, 
there being a considerable decrease in the conductivity for the last 
group. Since an increase of the relative humidity would be ex- 
pected to be accompanied by an increase in the rate of recombina- 
tion, one would expect that the corresponding decrease in the 
numbers of ions would be the same for positive and negative ions, 
since it requires one positive ion to combine with one negative ion. 

Therefore since — is ordinarily greater than 1, an increase in the 
ti— 

relative humidity would be expected to be accompanied by an in- 
crease in the ratio — , although this increase would probably be a 
11— 

very small quantity. Laboratory experiments have shown that 
increase in the amount of water-vapor in the air decreases the 
specific velocity of the negative ions more than it does the positive 
ions. Consequently the specific velocities of the positive and neg- 

• See article by W. F. G. Swann. Terr. Afa^.. vol. 18. pp. 163-184. 1913. 
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ative ions become more nearly equal when the amount of water- 
vapor increases. That is, — increases with increase of relative 

humidity. One would thus expect an increase of g = — . — to 

follow an increase in the relative humidity. This is also borne 
out by the results shown in the table. 

At first sight, changes in the absolute humidity might be ex- 
pected to produce the same kind of an effect as corresponding 
changes in the relative humidity. The table, however, shows that 
increase in the absolute humidity is accompanied by no decrease 
in the conductivity, but here there might be an indirect effect due 
to the temperature, to which the absolute humidity is closely related. 
It is rather hard to see how small changes in the temperature can 
appreciably affect the conductivity, but the fact is that the table 
shows a slight increase in conductivity with increase of the tem- 
perature and certainly no decrease with absolute humidity. It 
might be possible that the chance of an ion associating itself with 
a particle of water- vapor depends not so much on the actual num- 
ber of particles of water-vapor present as upon the degree of sat- 
uration of the air; or in other words, the conditions necessary for 
the association of an ion with a particle of water- vapor are more 
nearly satisfied when the particles of water-vapor are on the point 
of aggregation than when they are far from this point. If this 
were true, since an increase of temperature might result in a de- 
crease in the degree of saturation of the air, even if the absolute 
humidity should increase at the same time, one would be reconciled 
at finding an increase of X with a rise in temperature. The table 
shows no clear relation between q and the temperature or the 
absolute humidity. 

In Table 6 is shown the variations of the positive and negative 

Table 6. 



Rel. Hum. % 


65.3(78) 


73.1 (82) 


79.8(85) 


88.2(79) 


(Xp -f Xn ) X lOr 


3.16 


3.38 


3.00 


2.81 


Xp 
Xn 


1.20 


1.21 


1.24 


1.27 


Xp X 10^ 


1.72 


1.85 


1.66 


1.57 


X„ X 10* 


1.44 


. 1.53 


1.34 


1.24 
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conductivities separately with the relative humidity, calculated 
from the values of the total conductivity and q. It is seen that the 
variations in the quantities are very small till the relative humidity 
becomes greater than 80%, when they both drop suddenly. 

It was thought that since in many of the observations the ven- 
tilation of the conductivity-apparatus was insufficient, there might 
be an apparent increase of the conductivity with the wind-velocity. 
Such a relation was found, but it is not as pronounced as was ex- 
pected. The conductivity is the only element which shows an 
appreciable relation to the wind-velocity. The mean value of the 
conductivity corresponding to winds of strength of 4 to 7 on the 
Beaufort scale was found about 7% higher than that correspond- 
ing to winds of strength to 3. 

The large mean value of the conductivity found in this work, 
combined with the uncertainty which exists in regard to the de- 
pendence of the ionization of the atmosphere on its radioactivity, 
makes it interesting to consider the observations of the conduc- 
tivity from another standpoint. Till recently, it has always been 
the custom to attribute a large part of the ionization of the atmos- 
phere to the radioactive constituents diffused throughout it. The 
continual supply of these materials has been regarded as due to 
the diffusion of radioactive emanations into the atmosphere through 
the pores of the ground. Since the Pacific, Atlantic, and Indian 
Oceans are successively smaller in size, one would expect any effect 
on atmospheric-phenomena due to the land, to be successively greater 
in the three oceans, in the order named. It is therefore interesting 
to compare the mean values of the conductivity as found in these 
three oceans. Table 7 contains these data: 

Table 7. Regarding the conductivity in 
the different oceans. 



Ocean 
Pacific 


X X 10^ 

1 

2.49 


Number of days 
observed 

131 


Atlantic 


3.51 


187 


Indian 


4.28 

1 


15 



The influence of the land is markedly shown. The results of 
th!s table made it seem worth while to sort all the separate 
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values of the conductivity into two groups, according to tjie near- 
ness of land arid the general direction of the wind which prevailed 
at the times of the separate observations. In one of these groups, 
which will be designated as *'Land wind," have been placed all 
the values of the conductivity which correspond to winds which 
had probably passed over large bodies of land within a week. In 
the other group, designated **Sea wind," have been placed the 
remaining values of the conductivity which correspond to winds 
which had probably been blowing for a week or more over water. 
The decision as to the history of the wind for a given set of observa- 
tions was formed partly from the direction of the wind, and partly 
from the nearness of land in that direction. Of course, the wind 
frequently alters its direction, and it is probable that in many of 
the cases a wind which apparently should be classed as a '*Sea 
wind" had in reality passed over land quite recently, or vice versa. 
Errors due to either of these misconceptions would help to ob- 
literate any effect due to the land. If there is any outstanding 
effect, however, it would go to support the view that there is some 
effect on the conductivity due to the land. This sorting out has 
been done independently by two persons, and Table 8 contains a 
summary of this analysis. One very large value of the conduc- 
tivity has been omitted in this calculation. 



Table 8. 



Effect of land on the conductivity 
at sea. 



Group 




X X 10* 


Number of days 
involved 


Land wind 


1 
2 


3 17 


124 


3.11 


129 


Sea wind 


1 
2 


2.92 


208 


2.94 


203 



The summaries in both tables 7 and 8 support the view that 
the effect of the land is to increase the value of the conductivity 
as measured at sea. Dr. A. Nippoldt^ has made an analysis of the 
atmospheric-electric observations of the Galilee obtained in the 
Pacific Ocean in 1907-1908. The object of the investigation was 
to discover any relation which might exist between the nearness 

' Terr. Mag., vol. 17. 1912. p. 23. 
5 



Digitized by 



Google 



146 C. W. HEWLETT tVot. XIX. No. 3] 

of the land and the conductivity. He divided the region of observa- 
tion into strips of latitude 10° wide, and found the mean values of 
conductivity in these strips. He then compared these mean values 
of conductivity with the *' effective land-surface" determined by 
the nearness of the land. He found that the conductivity increased 
with the effective land-surface, which agrees with the above re- 
sults. It does not necessarily follow, however, that the radioactive 
materials brought from the land by the wind are responsible for 
this increase. 

The meaning of the results obtained with the wire-method of 
Elster and Geitcl for measuring the radioactivity of the atmosphere 
is somewhat ambiguous, even when obtained under the most 
favorable conditions. For a given difference of potential betw^een 
the charged wire and the Earth, the value of the potential-gradient 
must affect the amount of radioactive material deposited on the 
wire to a large extent. For, suppose the wire was at a potential 
of —2000 volts with respect to the Earth, and, to take an extreme 
case, that the potential-gradient was such that at the place where 
the wire was suspended the potential of the air was —2000 volts, 
then the wire would collect no radioactive material at all. With 
the ordinary arrangement of apparatus, we should therefore take 
into consideration the varying value of the potential-gradient be- 
sides the variations of the difference of potential between the wire 
and the Earth. Then there is the familiar question as to whether 
all the solid radioactive products in the atmosphere are positively 
charged, and if not all, what proportion of them? Even if all of 
the various solid radioactive products in the atmosphere were 
approximately in radioactive equilibrium with one another, it is 
not probable that the same equilibrium would exist on the charged 
wire at the end of an exposure. It seems that the best that could 
be done from a set of such observations would be to set an outer 
limit to the average amount of radioactive emanations in a cubic 
centimeter of the atmosphere. 

Another point which may be mentioned here is with respect to 
the custom of dividing the total activity by the number of meters 
of wire, and regarding the number so obtained as independent of 
the length of wire used. Now it turns out^ that the amount of 
radioactive material collected is proportional to the charge on the 
wire, and hence for a given potential, to the capacity of the wire. 
But the capacity of an unshielded wire is by no means proportional 
to its length, as may be seen from the following table. 

' W. F. G. SWANX. Terr. Mag., vol. 19, p. 36, also vol. 19, p. 90. 
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Length of wire 
meters 


Capacity, unit 
arbitrary 


C apacity 
Length 


32 


28.2 


.88 


16 


15 


.94 


8 


8.0 


1.00 


4 


4.3 


1.07 


2 


2.3 


1.15 



The first column contains the length of the wire in meters, 
while the second contains the corresponding capacities calculated 

from the formula, C = K — , r7~» I being the length and a 

I log / / a 

the radius of the wire. The latter has been chosen as 0.25 mm. 
iC is a constant, so chosen as to make the capacity and the length 
of the wire the same for a length of 8 meters. The third column 
contains the ratio of the capacity to the length of the wire. Sup- 
pose now the unit of activity be defined with respect to a wire 8 
meters in length, it being understood that all observers are to use 
the same potential on the collecting wire. When an observer uses 
a wire 16 meters long and calculates his activity in the usual way, 
by dividing the total activity by the length of the wire, he obtains 
a number only 94% of what he would have obtained had he divided 
by the capacity, so that he gets a value for the activity 6% less 
than the true value. The length, 8 meters, was chosen in the 
comparison because the lengths of wire used in practice often ap- 
proximate to this figure. Of course, there is some uncertainty in 
regard to the capacity of the wire, on account of its surroundings, 
but the above calculation shows the order of magnitude of the 
error to be expected from this source. Considering the variability 
of the quantity in question, such errors are not of much importance. 
The greatest care has been exercised in making determinations 
of the radioactivity of the atmosphere on board the Carnegie. 
25 determinations of the rate of decay of the radioactive products 
deposited on a charged wire were carried out by the writer, all in 
the Atlantic Ocean. Table 10 contains a summary of these observa- 
tions. The activity is calculated from the following formula: 

A =11 M 
15 • /A/ 
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A F is the number of volts drop of potential of the electroscope 
in the interval A/, expressed in hours, and / is the length of the 
wire which collected the radioactive deposit. The capacity of the 
electroscope and charged body as used in the experiments was 3.7. 
The number 15 occurring in the expression represents the capacity 
of the electroscope originally used by Elster and Geitel. As is 
well known, the activity of the deposit collected from the atmos- 
phere decreases rapidly with the time, and consequently the 
number found from the above expression for the activity will 
depend largely upon the choice of the interval A/. 

In their original paper, Elster and Geitel say that the activity 
of the air was written as 1, when 1 meter of the wire caused the 
potential of the electrode to fall 1 volt in 1 hour. There appears 
to have been some confusion in regard to the meaning of this unit 
on the part of other investigators who wished to express their re- 
sults in terms of the same unit. There are two ways in which the 
statement might be interpreted. First, the electroscope might be 
read at the beginning and again at the end of one hour, and the 
drop in volts so found divided by the length of the wire. Second, 
the drop of potential might be determined during the first five 
minutes of the decay of the deposit, and from this the average rate, 
for the first five minutes, of drop of potential per hour per meter 
of wire could be deduced. Obviously, the latter method is the 
more logical, since it affords a measure of the activity of the wire 
shortly after it had ceased to collect the radioactive deposit from 
the atmosphere. Unfortunately, various investigators have cal- 
culated the activity using the drop of potential over other intervals, 
stating, however, that their activities are expressed in Elster and 
Geitel units. Consequently, this last expression has come to have 
a somewhat indefinite meaning, and one is often put to the incon- 
venience of making recalculations in order to compare the results 
of various observers. In order to make it possible to compare my 
observations with those of other observers, I have for each set of 
observations calculated, where possible, the activity for four differ- 
ent intervals during the decay of the radioactive deposit. Calling 
the time when the potential of the wire was reduced to 0, the 
four columns of the activity correspond to the intervals from to 
5 min., 12.5 min. to 17.5 min., 27.5 min. to 32.5 min., and 42.5 min. 
to 47.5 min. respectively. One may thus say that the four values 
of the activity correspond to the instants 2.5 min., 15 min., 30 
min., and 45 min., respectively, and the activity curve may ac- 
cordingly be drawn from these four values. 
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Position 


Activity 


Atmos. 
press, 
mm. 


Tend- 
ency 


Air 
temp. 




Wind 


Sea 


o 

00 


Potential 

of charged 

wire relative 

to the Earth 


Date 
1913 




2.5 


15 


30 


45 




Lat. 1 Long. 

o o 


min. 


min. 


min. 


min. 


Volts 


May 26 

28 

June 1 

18 
22 

July 23 
26 
28 
31 

Aug. 7 
10 
13 
17 
21 
25 
27 

Sept. 2 
11 

Nov. 1 
15 
19 
21 
24 


16.4 S 
18.9 S 
18.4 S 
21.4 S 
26.7 S 

19.4 S 

12.0 S 
4.8 S 
0.6 S 
5.1 N 

12.1 N 
18.6 N 
26.3 N 

33.6 N 
35.9 N 

41.1 N 

43.7 N 

47.5 N 

49.8 N 

37.2 N 

35.5 N 

36.6 N 

35.7 N 
34.0 N 
40.6 N 


36.4W 
36.9W 
34.4W 
34. IW 
3.4W 
5.1W 
9.1W 
16.4W 
19.1W 
21.2W 
26.7W 
32.6W 
38.2W 
40. IW 
39.2W 
39.4W 
34.4W 
21.9W 
7.0W 
18.3W 
39.5W 
49.9W 
51.3W 
57.9W 
71.5W 


3.9 

4.4 

27.9 

33.8 

4.7 

22.9 

11.6 

4.4 

3.i 

2.4 

16.0 

5.1 

3.1 

4.0 

9.3 

6.7 

9.0 

5.9 

8.0 

10,5 

16.0 

20.6 

15.2 

36.9 

22.3 


3.4 
3.2 

22.0 

26.3 
3.9 

16.5 
8.5 
3.3 
2.4 
1.7 

12.3 
4.4 
2.5 
3.3 
7.0 
5.8 
6.7 
4.8 
6.9 
8.1 

17.1 
12.0 
28.1 
18.5 


3.0 

2.8 

18.0 

27.7 

3.1 

13.8 

7.1 

2.7 

2.1 

1.3 

10.6 

3.7 

2.1 

2.7 

6.0 

4.8 

5.2 

3.9 

5.4 

6.8 

11.2 

14.8 

9.5 


2.3 
2A 

s.s' 

2.1 
1.8 
1.0 

2!8 
1.5 
2.2 
4.9 
3.9 

"i.5' 
4.7 
8.7 


763.1 
762.8 
764.3 
763.8 
769.3 
765.7 
766.5 
762.9 
763.2 
763.4 
761.6 
765.2 
769.5 
772.6 
769.8 
771.6 
774.7 
762.3 
770.0 
767.3 
772.0 
765.8 
763.6 
760.0 
766.5 


Rising 

Rising 
Steady 
Rising 
Rising 
Steady 
Steady 
Rising 
Steady 
Falling 
Steady 
Steady 
Rising 
Falling 
Rising 
Steady 
Rising 
Rising 
Falling 
Rising 


27.0 
27.0 
26.5 
25.5 
17.5 
22.5 
20.8 
27.0 
25.0 
26.5 
28.3 
25.6 
25.7 
26.5 
27.2 
25.6 
23.0 
20.3 
17.2 
16.8 
19.8 
21.5 
21.9 
22.2 
4.8 


65 

83 
70 
85 
70 
73 
71 
70 
69 
71 
79 
84 
72 
92 
72 
77 
89 
81 
67 
78 


SE - 5 
Calm 

SSE - 2 
E - 3 
S - 1 
SSE - 4 
SSE - 4 
SE - 4 
SExE - 3 
S - 3 
ENE - 3 
ENE - 5 
ENE - 4 
ENE -0.5 
ExS - 2 
SExE - 3 
SW - 3 
SE -0.5 
NNE - 1 
NWxW- 1 
ESE - 2 

Calm 
WNW - 3 

Calm 
NWxW- 5 


R 

s" 
s 
s 
s 

MS 

R 
S 
S 
S 
S 
S 
S 

s 
s 
s 
s 
s 
s 

S-M 


3 

4 

2 

2 

3 

5 

8 

1 
0.1 

7 

10 

1 

1 
0.5 

2 

3 

1 

3 
10-4 

8 

8 

10 

6 

7 




—1950*180 
—2520*100 
—2500*140 
—2225*100 
—1980*180 
—2470* 34 
—2330*110 
—2220*180 
—2280* 85 
—2225 *280 
—2120*180 
—2190*180 
—2080* 60 
—2320* 15 
—1980*140 
—1880 *200 
—2120*130 
—2330* 70 
—1460*230 
—2120* 70 
—2015* 70 
—1930*180 
—1720* 
—2050* 61 


Dec. 12 


14.1 




-1720*250 



The observations on the drop in potential of the electroscope 
were made as accurately as possible, with the object in view of 
determining the shape of the decay-curve. Two or three methods 
were tried for finding the shape of the decay-curve from the ob- 
servations on the drop of potential of the electroscope. The one 
finally adopted was to plot the readings of the electroscope against 
the time, and then to draw through the points so found as smooth 
a curve as possible, with proper regard to the probable errors of 
observation. Figs. 2, 3, 4, 5, and 6 are five typical curves showing 
the drop of potential of the electroscope due to the radioactive de- 
posit on the wire in the ionization chamber, plotted as a function 
of the time. A preliminary study of these curves indicates a degree 
of complexity in the rate of decay of the radioactive deposit which 
cannot be explained by the presence of a single radioactive sub- 
stance. The amount of work required to settle this point will de- 
mand more time than is at present available, so that more certain 
information in regard to the matter must be reserved for a later 
communication . 

The observations on the radioactivity of the atmosphere were 
usually made in the forenoon, but on a few instances they were 
made in the afternoon. The positions given are the noon positions 



Digitized by 



Google 



150 



C. W. HEWLETT 



[Vol. XIX. No. 3] 



of the ship on the days during which the observations were 
made. 

Summary of Results Obtained At Sea. 
Potential Gradient. 

There has been very little work done at sea on the potential- 
gradient. F. Exner,^ using a single water-dropper first measured 
the absolute value of the potential-gradient at sea in 1889. The 
observations were made over the Indian Ocean, and the potential- 
gradient was found to be of the same order of magnitude as over 
land. 

G. Angenheister^ finds values ranging from 112 to 81 volts per 
meter in the Red Sea, and values ranging from 97 to 75 volts per 
meter in the Indian Ocean. 

> Wien. Brr., 98. 2a, 1004. 1889. 

» Nach. Ges. Wiss. Math.-physik. Kl., Gdttingen. 1914. 
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J. Elster/ using a single flame-collector observed the potential- 
gradient on the Island of Juist in the North Sea, off the cocist of 
Denmark. Exceedingly high values were found, ranging from 500 
to 900 volts per meter. As a rule, however, the values of the po- 
tential-gradient which have been observed on coasts have been of 
the same order of magnitude as those observed over land. Elster 
showed that the high values which he obtained were not due to a 
local electrification of the atmosphere by the breaking of waves. 

G. C. Simpson and C. S. Wright^ have made some very valuable 
observations on the potential-gradient over the ocean. They used 
a single ionium-collector connected to a Wulf electroscope. These 
observations were made on Capt. Scott's Antarctic vessel, from 
England to Melbourne. The absolute value of the potential- 
gradient was found to vary between 76 and 164 volts per meter, 
which is of the same order of magnitude as that found over land. 

Specific Conductivity, 
Comparatively few observers have undertaken to determine di- 
rectly the specific conductivity of the air at sea. The following 
table contains a summary of some of these observations to date: 

» Terr. Mag., 7. p. 9. 1902. » Proc. Roy. Soc. A. 85. 1911. 





Table U. —Specific 


Conductivities 








Observer 


Year 


Place 


X-H X 10^ 


x-xio* 


X X 10* 


q 


No. of 

days 

observed 


Dike (GaliUeY 


1907/08 


Pacific Ocean 


1.60 


1.43 


3.03 


1.12 


63 


Kohlrausch^ 


1908 


Atlantic Ocean 


1.10 


0.96 


2.06 


1.14 




Kidson {CarnegieY 


1909/10 


Atlantic Ocean 


1.85 


1.58 


3.43 


1.16 


26 


Kidson (Carnegie)* 


1910/11 


Atlantic Ocean 


1.62 


1.29 


2.91 


1.26 


46 


Kidson (Carnegie)* 


1911 


Indian Ocean 


2.31 


1 97 


4.28 


1.17 


15 


Knoche' 


1911 


Pacific Ocean 


0.08 


0.08 


0.16 


1.00 


25 


Augenheister* 


1911 


Red Sea 


1.00 


85 


1.85 


1.18 


5 


Augenheister« 


1911 


Indian Ocean 


1.62 


1 32 


2 94 


1.23 


2 


Johnston (Carnegie)* 


1912 


Pacific Ocean 


1.39 


1.10 


2.49 


1.27 


70 


Hewlett (Carnegie)* 


1912/13 


Pacific Ocean 


1.40 


1.13 


2.53 


1.24 


61 


Hewlett (Carnegie)* 


1913 


Atlantic Ocean 


1 91 


1.58 


3 49 


1.21 


141 



» Terr. Mag.. 13. p. 119. 1908. 
• Terr. Mag., IS. p. 83. 1910. 
'Phys. ZS.. 13. p. 322. 1912. 

6 



»5i/« d. Kgl. Ak. Wien.. 118. 2 a. 1909. 
'Terr. Mag., 19. p. 1914. 
Ki6ttingen, Nachr. Ges. Wiss.. 1914. 
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For the sake of comparison, the results already discussed in 
this paper have been included in the table. 

All of the observers except Kohlrausch and Knoche used a 
Gerdien conductivity-apparatus. Kohlrausch used an apparatus 
devised by himself, which was similar in principle to the Gerdien 
conductivity-apparatus. 

Knoche*s results quoted in the sixth line were not measured di- 
rectly, but were calculated from the number of ions per cm.^ and 
their specific velocities which were measured by an Ebert ion- 
counter. It is interesting to note that the number of ions found 
per cm.' was as large as the number found over land under normal 
conditions, while the specific velocities were only one twentieth as 
great as found over land. This determination of the specific 
velocity of the ions in the atmosphere at sea is apparently the only 
one which has been made. J. E. Burbank,^ while in the employ of 
the Department of Terrestrial Magnetism, found with a Gerdien 
conductivity-apparatus on a trip from Liverpool to Boston, A = 
2.28 X 10~^. With the exception of Knocke, all observers quoted 
in the table have obtained such values of the specific conductivity, 
as would lead us safely to the following conclusion: Even in re- 
mote ocean-areas, where the effect of radioactive materials brought 
from the land must be appreciably less than over land, the specific 
electrical conductivity of the atmosphere is on the average not 
less than over land. 

Ionic Densities. 

Much of the work done at sea has been devoted to determina- 
tions of the numbers of positive and negative ions in unit volume 
of the atmosphere. This work has been done by means of the 
Ebert ion-counter, which, as is well known, does not measure the 
number of the very slowly-moving ions. It might be mentioned, 
however, that although these slowly-moving ions in many cases 
probably outnumber the more swiftly-moving ions, the part they 
take in the vertical conduction-current is inappreciable. The 
specific conductivity, A = nev, is determined almost entirely by 
the swiftly-moving ions, the specific velocities of the very slowly- 
moving ions being so small as to make their contribution inap- 
preciable. 

The quantity that is actually measured is the amount of charge 
per unit volume of the atmosphere. Usually this charge is then 
divided by the accepted value of the ionic charge, and the result 
quoted as the number of ions per unit of volume. Of course, this 

« Terr. Mag., vol. 10. p. 126. 1905. 
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procedure is open to the objection that it assumes that there are 
no ions bearing multiple charges, or that the number of these ions 
is inappreciable. Moreover, the accepted value of the ionic charge 
has changed several times, and consequently various observers at 
different times have given values of the ionic density based on 
different values of the ionic charge. The latest value of the ionic 
charge^ is 4.8 X lO"^*^ E. S. U. In table 12 the values of the ionic 

» R. A. MiLLiKAS. —Phys. Rev., vol. 2. ser. 2. p. 109, 1913. 
Table 12. — Free charge per m*, and number of ions per cm^ of the atmosphere. 



Observer 


Year 


Place 


E+ 


E- 
0.13 


E 


n+ 


n— 
271 


n 


Q 


Ludeling' 


1901 


Helgoland 


0.25 


0.19 


521 


396 


1.92 


Ludeling2 


1904 


Potsdam 


0.37 


0.30 


0.34 


770 


625 


698 


1.23 


Simpson' 


1904 


Karasjok 


0.38 


0.33 


0.36 


792 


687 


740 


1.15 


Gockel^ 


1904/05 


Freiburg 


0.34 


0.25 


0.30 


710 


521 


616 


1.36 


Boltzmann* 


1905 


Atlantic * 


0.39 


0.27 


0.33 


812 


562 


687 


1.53 


Ebert* 


1905 


Gulf of Lyon 


0.19 


0.18 


0.18 


396 


375 


386 


1.06 


Ebert* 


1905 


Barcelona 


0.30 


0.23 


0.26 


625 


479 


552 


1.28 


Ebert* 


1905 


Munich 


0.53 


0.42 


0.48 


1104 


875 


990 


1.24 


Ebert* 


1905 


Malorca 


0.40 


0.41 


0.40 


833 


854 


844 


0.97 


Unke' 


1906 


Pacific * 


0.22 


0.18 


0.20 


458 


375 


416 


1.22 


Eve* 


1907 


Atlantic * 


0.33 


0.27 


0.30 


687 


562 


624 


1.24 


Pacini* 


1908 


Mediterranean 


0.43 


0.28 


0.35 


895 


583 


739 


1.52 


Simpson and 
Wright'* 


1910 


Atlantic and * 
Pacific 


0.37 


0.31 


0.34 


770 


646 


708 


1.21 


Bemdt" 


1911 


Atlantic * 


0.33 


0.27 


0.30 


687 


562 


624 


1.23 


Knoche'^ 


1912 


Pacific * 


0.48 


0.48 


0.48 


1000 


1000 


1000 


1.00 


Berndt" 


1913 


Atlantic * 


0.28 


0.20 


0.24 


583 


417 


500 


1.24 



» Erg. d. Kgl. Met. Inst., Potsdam, 1901. Berlin. 1909. 

» Erg. d. Afet. Beob. in Potsdam, v. J.. 1902-1905. 

» PhU. Trans., A. 205. p. 61. 1905. • Phil. Mag., Feb. 1907. p. 248. 

« Met. ZS. 23. 53 and 339. 1906. • Nuov. Cim. 15, 5. 1908. 

25. p. 9. 1908. «• Proc. Roy. Soc. A 85. Jan., 1911. p. 175. 

• Phys. ZS. 6. p. 132. 1905. " Phys. ZS. 12, p. 857, 1911. 

• Phys. ZS. 6, p. 641, 1905. " Phys. ZS. 13. p. 322. 1912. 
^G6tting Nachr. 1906. «» Met. ZS. 30. 606, 1913. 
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densities given are based on this number, a recalculation having 
been made where necessary. 

£+ and E- represent the number of electrostatic units of positive 
and negative electricity, respectively, in a cubic meter of air, and 
E represents the mean of these two quantities. n+, n_, and n rep- 
resent the numbers of ions per cm.' corresponding to £+, £_, and 
£, respectively. Q is the ratio of E^ to £_ or n+ to n_. Only those 
values marked with an asterisk corresponding to places remote 
from the influence of large areas of land can be regarded as purely 
ocean values. The data shown in this table indicate that the 
ionization over the ocean is certainly as large as over land. 

Dispersion Coefficient, 

Many observers who have made observations at sea have de- 
termined the so-called ** dispersion-coefficient.*' A charged body 
connected to an electroscope is exposed to the atmosphere and its 
rate of drop of potential noted. From this is calculated the rate 
at which it loses its charge expressed in per cent per minute. Some 
observers have shielded the charged body from the influence of 
the potential-gradient, while others have observed without any 
shield. It is generally recognized now that the results obtained by 
either of these methods are unreliable, and the best that can be 
expected is for the average values of the dispersion-coefficient ob- 
tained with a given apparatus at different places to be in a general 
way proportional to the average values of the product of the ionic 
densities and mobilities at those places. 

Unfortunately, the accepted notation for the dispersion-coeffi- 
cients and for the specific conductivities conflict with regard to 
sign. Whereas A.^. and ^ refer to the specific conductivities for 
positive and negative ions, respectively, a+ and a_ refer to the 
dispersion of a positive and of a negative charge, respectively. 
Whereas A. represents the sum of the positive and negative specific 
conductivities, a represents the mean of the positive and negative 
dispersion coefficients. The following table contains some data 
obtained by various observers : 
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Observer 


Year 


Place 


% 


a_ 


a 


a_ 
a t- 


J. Elster' 


1902 


Spitzenbergen — land 


3.76 


5.86 


4.81 


1.55 


J. Elster» 


1902 


Spitzbergen — sea 


2.88 


4.62 


3.75 


1.60 


Zolss^ 


1903 
1904 


Kremsmiinster 


1.26 


1.43 


1.35 


1.13 


Simpson' 


1905 


Karasjok . 


3 S3 


3.82 


3.58 


1.15 


Ludeling^ 


1907 


Arctic Ocean 


0.98 


1.32 


1.15 


1.35 


Knoche* 


1912 


Pacific Ocean 


11.52 


14.25 


12.88 


1.24 


Knoche* 


1912 


Easter Island 


19.45 


19.45 


19.45 


1.00 


Boltzman* 


1905 


Atlantic Ocean 


1.47 


2.17 


1.82 


1.47 



> GdUing. Nachr. p. 193. 1902. 
» Phys. ZS. 6. p. 129, 1905. 

* Phil. Trans. A, 205, p. 61, 1905. 

* del et Tent, 31. p. 395. 1910. 
*Phys. ZS. 13. p. 322, 1912. 

* Phys. ZS. 6. p. 132, 1905. 
^ Phys. ZS. 12. p. 65, 1911. 



GockeF found in the Mediterranean Sea a = 4.4 to 8.5, and 

for the ratio — less than 1 which is contrary to what has been 

generally obtained. From a consideration of these data one would 
not be led to ascribe a lower value of the dispersion-coefficient to 
the atmosphere over the ocean than over large land-areas. 

Radioactivity of the Atmosphere, 
In order to determine the radioactivity of the air at sea, most 
observers have used the qualitative wire-method of Elster and 
Geitel, already referred to, although, as mentioned before, the 
units in which these activities have been expressed vary, in that 
they refer to different intervals during the decay of the deposit. 
Consequently in table 14, which contains a summary of the ob- 
servations obtained at sea and a few values over land, it has been 
found necessary to add a column, in which is stated the time after 
the potential of the collecting wire was reduced to zero, to which 
the activity refers. Where no remark occurs it is to be under- 
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Stood that the activity is the average value for the first five minutes 
for the decay of the deposit. 



Table 14. — Radioactivity. 



Observer 


Year 


1 
Place A Remarks 


Knoche' 


1903 


Zinnowitz and Kiel 


7.0 ! 


Elster* 


1903 


Juist— North Sea 


5.2 1 


Gockcl' 


1903 


Freiburg (Switz.) 


84.0 1 


Simpson* 


1904 


Karasjok 


93.0 


Linke* 


1906 


Pacific * 


2.4 1 


Ludeling« 


1907 


Arctic * 


18.5 1 


Kidson (Carnegiey 


1909 


Atlantic * 


5.0 1 45 minutes 


Sieveking" 


1909 


Mediterranean 


30.0 30 minutes 


H. Stade" 


1910 


Atlantic * 


17.0 1 


H. Stade» 


1910 


Atlantic * 


9.0 




Simpson and Wright*® 


1910 


Atlantic and Pacific * 


6.0 




Kidson (CarnegieY^ 


1910 
1911 


Atlantic 


1.0 


45 minutes 


Knoche»2 


1911 


Pacific * 


3.6 


3 minutes 


Knoche" 


1912 


Off coast of Chile 


120.6 


3 minutes 


Knoche" 


1912 


Off coast of Argentine 


117.9 


3 minutes 


Hewlett (Carne'giey* 


1913 


Atlantic 


12.3 





I Phys. ZS. 4. p. 522. 1903. 

» Phys. ZS. 4. p. 522. 1903. 

*Phys.ZS., 5. 591. 1904. 

« Trans. Roy. Soc. A. 205. p. 61. : 

*G6tting. Nachr., 1906. 

•del et Terre, 31. p. 395. 1910. 

' Terr. Mag. 15. p. 83, 1910. 



• Phys. ZS. 10. p. 398. 1909. 

• Met. ZS., p. 469. 1910. 

•• Proc. Roy. Soc. A. 85. p. 175. 1911 
^^Terr. Mag. 16. p. 237, 1911. 
^^Phys.ZS. 13. p. 112. 1912. 
^*Terr. Mag. 18. p. 71. 1913. 
i*Terr. Mag. 19, p. 149. 1914. 



During a passage across the Atlantic from Montreal to Liver- 
pool in 1909, Eve^ made some relative iiieasurements of the ac- 
tivity just before starting and while at sea. The values obtained 
at sea were of the same order of magnitude as on land. 

• Terr. Mag., 14, p. 25, 1909. 



Digitized by 



Google 



A TMOSPHERIC-ELECTRIC OBSER VA TIONS \ 59 

Gockel^ found the activity of the air in th^ Mediterranean too 
small to measure. 

C. Runge' found in the Atlantic from six determinations that 
the activity over land and over ocean were of the same order of 
magnitude. 

H. Stade is the only observer who has found an active deposit 
to be accumulated on a positively-charged wire. The first value, 
A = 17, given in the table, is for such a case.. The value, ^4 = 9, 
corresponds to a negatively-charged wire. The low value, A =3.6, 
is the mean value found by Knoche on the Pacific far from the 
mainland during a trip to and from the coast of Chile and Easter 
Island. The high values of the activity found by Knoche off the 
coasts of Chile and Argentine were observed during a trip from 
Talcahuano to Montevideo. Knoche regards this large value as 
due to the nearness of land. 

It appears that the pure ocean values of the activity (those 
marked with an asterisk) are much smaller than those observed 
over or near land. 

Many observers have determined the amount of radium in 
sea water, from which it appears that a cubic centimeter of sea 
water contains only 1/500 to 1/2000 of the amount of radium that 
a cubic centimeter of the earth contains."* It thus appears that 
even the small amount of activity of the air that is observed over 
the ocean cannot be due to any appreciable extent to the radium 
in the sea water. 

Explanations for Tables 15-23. 

In tables 15-23, the column designated "Tendency,** refers to 
the trend of the atmospheric pressure as read from the barograph. 
The column designated ** Wind,** contains the direction of the wind 
by the compass relative to the ship and the force of the wind as 
measured on the Beaufort scale. The column designated " Clouds," 
contains the cloudiness of the sky measured by a ten-part scale, 
meaning a perfectly clear sky, and 10, that the sky was com- 
pletely covered with clouds. The column designated **Sea,** gives 
the degree of roughness of the sea, 5 meaning smooth, M moderate, 
R rough, and L a long swell. M S means a sea between smooth 

'Phys. Zs., 12. p. 65. 1911. 

*G6tting. Nachr., 1911. 

«See Eve. Phil. Mag., 1907. p. 248. 
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and moderate, and M R 3, sea between moderate and rough. H 
means a heavy sea. 

Conclusions. 

(1) Measurements of the specific conductivity of the atmos- 
phere, the potential-gradient, and the radioactivity of the atmos- 
phere have been made in the Pacific, Atlantic, and Indian Oceans, 
extending over a period of more than two years. 

(2) The potential-gradient over the ocean seems to be of the 
same order of magnitude as over land. The mean value of the 
specific-conductivity found, 3.07 X 10~^ E. S. U., is larger than 
the mean value usually found over land. The radioactivity of 
the atmosphere has been found to be small, compared with that 
found over land. 

(3) In comparing the results of this paper with those of other 
observers, it must be remembered that the present results have 
been calculated not by Gerdien's formula (which has apparently 
been used by all observers up to the present time), but by Swann's 
formula, which with the apparatus employed on the Carnegie 
gives results about 29% lower than those from Gerdien's formula. 

(4) The specific conductivity of the atmosphere has been 
found to be independent of its radioactivity. 

(5) The specific conductivity was found in the Pacific, At- 
lantic, and Indian Oceans to be 2.49 X lO"*, 3.51 X 10-*, and 
4.28 X 10"*, E. S. U., respectively. When the values of the specific 
conductivity are arranged in two groups according to the probable 
course of the wind for the past week, the group corresponding to 
winds which have recently left land gives a higher mean value 
than does the group corresponding to winds which have been mov- 
ing over water for a longer period. Both of these pieces of evidence 
indicate an influence of the land on this element. It appears, 
however, on account of the smallness of the radioactivity of the 
air at sea, and on account of the fact that the specific conductivity 
of the air at sea has been found to bear no relation to the radio- 
activity of the air, that any influence of the land must be due to 
some other cause than the radioactive materials brought by the 
wind from the land. 

(6) The relations of the various atmospheric-electric elements 
among themselves, and to the various meteorological factors, have 
been analyzed, and the results are in accordance with what would 
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be expected from the theory of the phenomena, and with the results 
that have been found before. 

(7) From a summary of the various results thus far obtained 
at sea, the following deductions in regard to the mean values of 
the elements may be drawn. The potential -gradient is of the same 
order of magnitude over the sea as over the land ; the radioactivity 
of the air over ocean-areas far removed from land is small, com- 
pared to that found over land; and that the ionization over the 
ocean is at least as large as that found over land. 

Department of Terrestrial Magnetism, 

Carnegie Institution of Washington. 
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ON CERTAIN NEW ATMOSPHERIC-ELECTRIC 
INSTRUMENTS AND METHODS. 

By W. F. G. Swann. 

The following paper gives an account of new methods, or modi- 
fications of old methods devised by the author, for measuring the 
specific numbers and velocities of the atmospheric ions, the radio- 
active content of the atmosphere, and the atmospheric potential- 
gradient. 

The Number of Ions per C. C. 

The apparatus is a modification of the well-known apparatus 
devised by Ebert. It will be remembered that in this method a 
stream of air is sucked by a fan through a cylindrical condenser, 
the inner cylinder of which is connected to an electroscope charged 
(say positively) to about 200 volts. If W is the volume of air 
flowing through the cylinder during the experiment, A V the 
fall in potential in that time, e the ionic charge, «_ the number of 
negative ions per c. c, and C the capacity of the whole instrument, 
then if the potential of the inner cylinder is sufficient to result in 
all the negative ions being caught, we have 

neW^CAV 

One of the chief defects of the method is the fact that the 
time necessary to obtain a measurable alteration A l^ in the 
electroscope is rather long (about 15 to 20 minutes with leaf electro- 
scopes, and from 5 to 10 minutes with fiber electroscopes) . » This 
not only introduces opportunities of fluctuations in the electro- 
scope during the observations making themselves of importance, but 
it introduces uncertainties owing to the variation of the quantity 
measured, during the time of the experiment. The reason for the 
slowness of the method of course lies in the fact that if we employ 
an electroscope which is to measure 200 volts on its scale, it ob- 
viously can not show very much movement for a small alteration 
of potential of say 1 volt. 

The idea involved in the method to be described is briefly this : 
Instead of the central cylinder being charged to 200 volts, the 

'G. C. Simpson claims (Proc. Roy. Soc, vol. 85. 1911, p. 188) that even with fiber electro" 
scopes it is necessary for an observation to extend over about 40 minutes in order that satisfactory- 
results may be obtained. 
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outer cylinder is charged to —200 volts, the central cylinder being 
earthed and connected to a sensitive electroscope (e. g., of the 
Einthoven type). The sensitiveness of the electroscope may be 
as great as we please, say anything from a sensitiveness of 10 
divisions per volt to 50 divisions per volt, since it will never be 
required to deflect far from zero potential. If the air-stream is 
started, and the central cylinder is released from earth, the electro- 
scope will start to record. The formula for the calculation of n 
is the same as before, and if the electroscope has a sensitiveness of 
20 divisions per volt as against, say, 1 division per volt in the 
ordinary Ebert apparatus, the apparatus will work twenty times 
as quickly. Indeed, we can readily shorten the time of an experi- 
ment to a degree which is in practice only limited by the fact that 
we must measure the air-flow reasonably accurately. The ideal con- 
dition would, of course, be one in which the sensitiveness was ad- 
justed so that the accuracies in the measurement of deflection and 
air-flow were about the same. 

One important point in the above apparatus requires con- 
sideration. If the outer cylinder were charged to —200 volts 
without any further precaution, we should find that the apparatus 
would probably collect no ions at all, because the charge on the 
outer cylinder would repel them all away before they got into 
the apparatus. In order to overcome this, the outer cylinder is 
surrounded by another cylinder almost touching it, but separated 
from it by a thin hard-rubber ring. This latter cylinder is earthed, 
and as it takes an equal and opposite charge to that on the cylinder 
next to it, it to a great extent annuls the effect of that cylinder. 
It by no means does so completely, however, even when the two 
cylinders in question are separated by no more than 1 mm., and 
we can easily see why this is so, for though it is difficult to estimate 
the exact distribution of forces round the mouths of the cylinders, 
we can easily see that since a point such as F, Fig. 1, which is in- 
side the charged cylinder, is at —200 volts, and a point such as Z), 
which is outside, is at about zero, the ions which get inside will 
have to overcome, so to speak, a potential of 200 volts. If the 
velocity of the air-current falls below a certain minimum value, 
obviously no ions will get inside. For the usual air-currents em- 
ployed, however, the effect is to diminish the number of ions en- 
tering. This difficulty is one which shows itself very materially in 
practice, as appeared when experiments were made to test it, and 
it is not one which it is possible to overcome very readily. 
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I finally adopted the arrangement shown in Fig. 1,-4, which 
entirely overcomes the difficulty. ^ The figure shows the top end 
of the apparatus, B and C are the two outer cylinders as before, E 
is the top of the central rod. E carries a collar attached to three 
wires which in turn support a thin hollow cylinder, G. A cap H 
fitting over the entire end of the apparatus is fitted with a piece J 
which just goes inside the top of G, from which it is electrically 
separated by a hard-rubber ring, not shown in the figure. This 
ring is fixed at the top of G on the inside, and it is prevented from 
falling down by a little shoulder turned on the brass. By this 



^•5 







A 




Fig. I 



arrangement G is kept from shaking, and it will be seen now that 
air at zero potential outside can get well inside without having to 
pass through a point different from zero, and any repulsive influence, 
due to the cylinder B, on the ions as they come near the lower end 
of G, can only result in their being turned sideways and caught 
by G, which produces no error, since G is connected electrically 
to £. In practice it is convenient to arrange that / is a separate 
unit from H, so that H is put on first, and then J is inserted through 

* In a former paper {Terr. Mag., vol. 19, p. 36. March, 1914) I have referred to a somewhat 
similar difficulty which shows itself in nearly all atmospheric-electric instruments, and which 
results from the effect of the induced charge which earthed portions of the apparatus must take, 
in order that they may remain at zero potential in opposition, as it were, to the potential-gradient. 
The error due to this cause shows itself, of course, in the present apparatus, as in the older form. 
Its magnitude is being investigated in the laboratory of the Department in the case of certain in- 
struments and conditions, by Dr. C. W. Hewlett. 
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H. J is, of course, provided with a little collar, which fixes its 
position exactly, and in practice there is no difficulty in inserting 
it snugly in G. The most convenient electroscope to employ is a 
single fiber-electroscope of the Einthoven type with a potential 
of say +60 volts on one plate and -60 volts on the other. In 
the apparatus used by the author, the fiber was provided with a 
lug at each end for attachment in the instrument, but a new form 
of electroscope of the above type has been recently described by 
Wulf,' in which a quartz fiber, fastened at the lower end to a 
quartz bow is employed, as in the well-known VVulf bifilar electro- 
scope. This form of electroscope would seem a very convenient 
one to employ with the apparatus. 

It is hardly necessary to go into details with regard to the fan, 
meter, etc., which are of the same type as in the ordinary Ebert 
instrument. The apparatus used by the author was modified from 
the apparatus of the ordinary type supplied by Giinther and 
Tegetmeyer, Braunschweig, and a general diagrammatic view of 
it is given in Fig. 2. The terminal T is for connection to the inner 
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Fig. 2 

of the outer two cylinders. For maintaining the charged cylinder 
and the electroscope-plates at a constant potential, batteries of 
Weston cells of the Kriiger type are to be recommended. It is 
desirable to shield the whole apparatus by a metal box leaving only 
the upper end projecting, so that the wires to the electroscope, 

*Phys. Zeit., March, 1914. p. 251. 
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etc., which are at potentials diflFerent from zero shall not influence 
the ions in their journey to the apparatus. It is further desirable 
to employ a spring contact which automatically earths the fiber 
when the contact is not pulled out. 

The Specific Velcx:ity of the Ions. 
Gerdien*s method for measuring this quantity is as follows. 
Suppose, for example, it is desired to determine the specific veloci- 
ties of the negative ions. A subsidiary cylindrical condenser is 
fitted to the top of the main condenser, and the normal process of 
determining n_ is carried out. The central cylinder of the sub- 
sidiary condenser is then charged to a small potential (about 16 
volts) which is sufficiently small to insure that all the negative 
ions are not cleared out as the air passes through this condenser. 
The ordinary experiment of determining the number of ions pass- 
ing through the main condenser is again performed. By calculating 
the paths of the ions to the central cylinder of the subsidiary con- 
denser, Gerdien has shown that if ti— is the number of ions per c. c. 
in the air entering the outer cylinder, the number of ions caught 

by the central cylinder per second is, 8»/8/ = , — , where 

log fa I Ti . 

V is the specific velocity of the ions, V is the potential of the central 
cylinder, / its length, fa and fj the radii of the external and in- 
ternal cylinders respectively. A more exact expression for 8w/8/ 
is S «/S/ = 47rC, Fni;, where C, is the measured capacity of the 
subsidiary condenser,* and I shall employ this expression through- 
out, so that if W^ is the volume of air going through per second, in 
the second experiment, the number of ions abstracted from each 
c. c. passing through is 47rC, Vnv / PT,. Subtracting this from n 
we know that the result must be equal to the number of ions per 
c. c. (nj in the air passing through the apparatus in the second 
experiment, so that » — 4irC, Vnv / W^ = n,. 

Thus v= . ' , -, '-' 

47rC, K n 

The potential V is, of course, so chosen as to insure that the 
subsidiary condenser clears out a good fraction of the ions. An 
exactly similar method is applicable to the apparatus described 
in this paper, the outer cylinder of the subsidiary condenser being 

«W. F. G. SwANN, Terr. Mag., vol. 19. p. 81, 1914. The formula obtained by Gerdien is 
calculated on the assumption that the subsidiary condenser is a portion of two infinite cylinders 
and neglects the supporting rod. The corrected formula here given is true, however, in the general 
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made to fit over the outermost cylinder of the main apparatus, or 
preferably over the cap J, It will be noted that while in the main 
apparatus the potential is applied to the external member of the 
cylindrical condenser, i, e.y to the inner of the outer two cylinders, 
the central member being initially earthed, in the subsidiary con- 
denser the central rod is charged in the usual way. It would be 
possible to carry out the experiment by applying the potential to 
the outer cylinder of the subsidiary condenser, but this would in- 
volve shielding the outer cylinder as in the main part of the ap- 
paratus, and no advantage would be gained. 

The Radioactive Content of the Atmosphere. 

The usual method of obtaining relative values of the magnitude 
of this quantity is the following method devised by Elster and 
Geitel. A wire about 10 meters long is suspended and charged 
with a battery giving about 2,000 volts, the. positive pole of the 
battery being earthed. The wire is exposed in this condition for 
two hours and is then taken down and wound on a cylindrical 
frame which is placed in an ionization chamber. The ionization 
chamber consists of a cylindrical vessel about 15 cms. high and 
8 cms. in diameter, which is earthed, and provided with a central 
rod insulated from it, which rod is connected to an electroscope 
charged to about 200 volts, sufficient to produce saturation cur- 
rents. If the potential of the electroscope is plotted against the 
t me, and if the rates of fall of potentials at different times are ob- 
tained from this curve, a curve may be constructed showing relative 
values of the activity of the wire at different times. It is customary 
to say that the activity of the air is 1 Elster and Geitel unit when, 
measuring from the instant when the wire is placed in the ioniza- 
tion chamber, the electroscope falls 1 volt per meter of wire in 
1 hour. There is considerable uncertainty in the meaning to be 
attached to this quantity, since it is obvious that the quantity 
involves the capacity of the electroscope, and ionization chamber, 
the diameter of the wire and several other factors. As I have 
pointed out in a former paper,* if Q is the total charge on the 
body when it is exposed, N the number per c. c. of any kind of 

» Terr. Mag., vol. 19, p. 90, June, 1914. An examination of the proof of this expression will 
show that it applies not only to a charged body as a whole, but to any part Uiereof, provided that 
Q refers to the charge on that part. A theory of the collection of active deposit by a wire, based, 
however, on the assumption of a uniform charge distribution along the wire has been worked out 
in a joint paper by S. Kinoshita, S. Nishikawa and S. Ono. (Tokyo Sugaku-Buturigakkwai Kin, 
S. 2. V. 6. No. 6. 1911). 
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radioactive carriers in the air, and v the specific velocity of the 
radioactive carrier in question, then whatever the wind velocity 
may be, and however it is distributed, the number of radioactive 
carriers of this kind coming to the body per second is irQNv, 
If there is in the atmosphere a substance which we shall denote 
by suffix 1, which transforms successively into substances denoted 
by suffixes 2, 3, 4, etc., and if \, X^, X,, etc., are the constants of 
radioactive change, then in the steady state we have, 

iTrQN^Vi = »,Xj 

^irQN^v^ = WjX, — n,X, (1) 

etc. 

where n,, n,, n,, etc., are the number of the corresponding particles 
on the wire in the steady state. A similar set of equations holds 
for any other family of radioactive constituents in the air. 
From equations (1) we have, 

»,X, = ^-kQN^v^ 

n,k, = AirQ(N,v, + N,v,) (2) 

Since the activity of the wire due to any one constituent is pro- 
portional to nX with the appropriate suffix, we see that the total 
activity should be proportional to Q. In the paper above referred 
to I have pointed out that ^ is a quantity depending not only on 
the potential F, but also on the potential gradient, and the height 
of the wire above the ground. We can only write Q = C V, where 
C is the measured capacity of the wire, and V is the potential-dif- 
ference between the wire and the earth, if the potential-gradient 
is zero, and the error made by neglect of this consideration may be 
considerable. 

If, for example, the wire is suspended horizontally some dis- 
tance above the ground, the true value of Q is the product of C 
into the difference between the potential of the wire and the po- 
tential which the space occupied by the wire would have in the 
absence of the latter. Thus, in order that our results may be 
capable of definite interpretation, it is necessary that we place 
our wire along an equipotential surface of the potential-gradient, 
then connect one pole of the charging battery to the wire, and the 
other to a point kept at the potential which the above equipotential 
surface has when the wire is absent. For the purpose of obtaining 
9 



Digitized by 



Google 



178 



W. F. G. SWANN 



(Vol. XIX. No. 3] 



this end the arrangement represented in Fig. 3 has been devised, 
a 6 is the collecting wire. It is about 5 meters long, and is pro- 
vided with an eye at each end. These eyes hook into hooks at- 
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Fig. 3 

tached to the insulating pieces g and h.^ h is connected directly to 
the support B and g is connected to another insulating connector 
which is fastened to the support A. R R are the two radium 
collectors, which serve to keep the wire between k and g at the po- 
tential of the air around it. 

The collectors should be sufficiently far from the post A and 
from the wire a 6 to insure that the potential in their vicinity is 
not appreciably influenced thereby. The positive pole of the 
charging battery is connected to the wire between k and g and 
the other pole to the wire between b and h. The Braun electro- 
scope E is connected as shown in the figure. The capacity of the 
wire a b should not be computed from its length, but should be 
measured under the conditions in which it is employed, since the 
wire is virtually a part of a longer one, and the capacity of a wire 
is by no means proportional to its length. 

If space is limited it may be desirable, in order to avoid the 
influence of the poles A and By to arrange that the wires from 
k to h have such a sag as to make them approximately conform to 
an equipotential surface which is the resultant of the effects of 

•A convenient form of insulator for use at k, g, and h is represented at the bottom of Fig. 3. 
This form has the advantage of shielding the insulating material from light and from spray, v. hen 
used at sea, and it is very easy to construct. 
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the earth's field and of the poles. The collectors may then be 
placed much nearer to the poles and further from the wire a b. 
The conductivity which the collectors give to the air, of course, 
does not affect the collection of active deposit by a b. The reason 
for having the collectors far from a 6 is that the potential which 
they take up ought to be the same as if a 6 were uncharged. It 
is desirable to shield the vertical wires r and s in earthed tubes 
fastened to the poles A and B, 

The importance of taking the precautions described above in 
order to overcome the effect of the potential-gradient becomes 
evident when we test the proportionality between the initial 
activity of the wire and the potential to which the wire is charged 
during the exposure. In order to make this point evident, I had 
Mr. H. F. Johnston make some tests by the method above described, 
and by the usual method in which one pole of the charging battery 
is earthed. While in the former case the proportionality between 
the activity and the potential of the charging battery was fairly 
exact, in the latter case it was far from being so, and the departure 
from true linearity was, as might be expected, just of an order 
to be accounted for by taking into account the effect of the po- 
tential-gradient. 

Measurement of the Activity .of the Wire. 

The usual method of measuring the activity of the wire is 
unsatisfactory in respect to the fact that this quantity has to be 
deduced from the results for the fall of potential of the electro- 
scope with time. When the activity is required not only at the 
initial instant, but at several other times, the method becomes 
laborious, since use has to be made of the calibration curve of the 
electroscope for each reading. Further, the method is very in- 
accurate owing to the small differences of electroscope readings 
which have to be dealt with. In order to overcome these difficulties, 
a modification somewhat similar to the modification adopted in the 
ion counter has been made. Instead of connecting the central rod of 
the ionization chamber to an electroscope charged to 200 volts, it is 
connected to a sensitive instrument of the single fiber type, as in 
the modified Ebert apparatus described above, and the potential of 
200 volts is put on the cover of the ionization chamber. The electro- 
scope used may be the same as suggested for the ion counter, and 
it is easy to arrange that on removal of the cylindrical condenser 
from the latter instrument the ionization chamber fits on to the place 
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formerly occupied by it. The fiber of the electroscope is earthed when 
the potential of 200 volts is placed on the cover. On releasing 
the fiber from earth it starts to move at a rate proportional to the 
activity. Thus relative values of the activity are obtained directly, 
being simply proportional to the reciprocals of the times taken by 
the fiber in traveling over a fixed position of the scale of the electro- 
scope. The fact that the same portion of the scale of the electro- 
scope is used for each observation is a great advantage from the 
point of view of accuracy, and also of simplicity in the reduction 
of the results. Again, great rapidity of action is gained over the 
usual method by the employment of a sensitive electroscope, which 
is rendered possible by the scheme of applying the potential to the 
cover of the ionization chamber. This rapidity of action enables 
the activities to be obtained practically at an instant, and, indeed, 
it becomes possible to take two or three separate determinations, 
all applying to practically the same instant. 

Meaning to be Attached to the Results. 

Apart from the question of experimental accuracy, the chief 
uncertainties in the meaning to be attached to the Elster and 
Geitel unit are the following: 

(1) If we assume that the ionization chamber is large enough 
to insure that the air in it absorbs all the a rays,^ and not so large 
as to insure the absorption of an appreciable fraction of fi and y 
rays, we may say that a definite amount of active material on the 
wire corresponds to a definite number of ions produced per second 
at the initial instant, and so to a definite saturation current. The 
rate of fall of potential due to this current depends upon the 
capacity, and consequently the fall in volts per meter of wiie is a 
quantity which would vary from apparatus to apparatus, for al- 
though most of the ionization chambers employed may be of 
approximately the same capacity, the capacity of the electro- 
scope, which may form about 50% of the whole, varies greatly 
with the type employed. 

(2) We have seen that the activity is proportional to the 
charge on the wire. This is a quantity by no means proportional to 
the length, as may readily be seen by writing down the expression 
for the capacity of a wire, and putting in numerical values. Thus 

» The dimensions usually employed for the ionization chamber are too small to allow all the a 
particles of Radium C to travel for their full range of about 7 cms., so that a correction must gen- 
erally be made on this account. 
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the activity per meter of wire has no definite meaning, and would 
vary with the length, and also, of course, with the diameter of the 
wire employed in the experiment. 

(3) There is the uncertainty already referred to with regard 
to the effect of the potential-gradient, which is overcome by the 
method suggested in this paper. 

(4) There is the arbitrary nature of the Elster and Geitel unit. 
A good deal of the above ambiguity would be overcome if we 

took as our unit for the initial activity the initial rate of production 
of ions of either sign corresponding to the active material collected by 
unit charge on the collecting wire.^ This quantity would be inde- 
pendent of the capacity of the ionization chamber and of the 
electroscope, and it would also be indep)endent of the size and 
potential of the collecting wire employed. In fact, if C is the 
capacity of the wire a 6, and V the potential of the charging battery 
(used as suggested in this paper), K the capacity of the ionization 

chamber, and ^ the initial rate of fall of potential therein, the 

initial activity A, as above defined, would be given by the formula 

^ = -^- ^ (3) 

^ eVC St ^^^ 

That the activity, as above defined, has a more fundamental 
relationship to a physical quantity than the Elster and Geitel 
unit may be illustrated by an example. Suppose that in the air 
there is some radioactive substance. If we measure the activity 
as above defined, not only for the initial instant, but for several 
others as well, and plot the quantities so obtained against the time 
which has elapsed since the introduction of the wire into the 
ionization chamber, we can theoretically, from a knowledge of the 
number of ions produced by the a particles emitted by the dis- 
integration of the known radioactive substances, analyze our curve 
and find out what substances are on the wire and the amount of 

each. We can thus determine the quantities -~, -^, etc., of equa- 
tions (1), and we are immediately led to the quantities N^ v^, 
N^ r„ etc. Further knowledge of the specific velocity of the radio- 
active carriers enables us to determine iVp iV„ etc., which are the 

•An equally definite unit would be. "The initial saturation current corresponding to the 
active material collected by unit charge on the collecting wire." The unit given above is some- 
what more fundamental, however. 
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actual numbers of diflferent carriers to be found per c. c. in the air. 
The task of carrying out this process would generally be somewhat 
difficult, if more than one group of substances were present in the 
air. 

The Measurement of the Potential-Gradient. 

The apparatus about to be described was devised particularly 
for the measurement of the potential-gradient over the sea. One 
of the chief difficulties attending the measurement of this element 
results from the motion of the ship. Suppose that a collector is 
susp)ended from a pole at the stern of the ship. In the first place, 
the ship itself disturbs the f)otential-gradient. This difficulty 
can not be avoided, and must appear in any method. Apart from 
the uncertainty of the position of the sails, however, it can be 
satisfactorily eliminated by determining the proper reduction- 
factor. A more serious difficulty is the following. Since the electric 
force near the stern of a ship is a function not only of the electric 
force in the op)en, but of the configuration of that surface which is 
bounded by the sea and the stem of the ship, it is obvious that the 
force must be a quantity which fluctuates continually, as that 
configuration changes, due to the rolling and pitching of the vessel. 
The problem is exactly analogous to one which we should have if 
the normal magnetic field of the earth were vertical, the sea and 
ship were of soft iron, and it were our object to measure the mag- 
netic field somewhere in the region of the stern. In order that 
potential-gradient measurements shall have a definite meaning, it 
is desirable that they shall always be taken at one position of the 
tilt of the ship. 

Another difficulty which has been found by ocean observers 
is the maintenance of the necessary insulation. In view of the 
comparatively slow action of some forms of collectors (the ionium 
collector, for example), a fairly good insulation is essential in a 
method in which such collectors are employed. In order to over- 
come the above difficulties, the apparatus about to be described 
was devised. 

The principle of its action may be illustrated by reference to 
Fig. 4. Suppose that in the absence of the ship there is a uniform 
electric field X. We may, if we like, imagine this field to be brought 
about by the presence of a very highly charged body a very long 
distance oflF. Suppose now that the body A is placed in the field and 
connected to an electroscope in the position shown, and let there 
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be any distribution of bodies around. The body -4, if it is to be 
at some standard potential which we shall call zero, will have to 
take a charge which we may write 3sk X, where k is some function 
of the geometry of the configuration of the whole system. If ^4 




Fig. 4 

be now placed in the dotted position, it will be necessary for it to 
have an amount of charge k^X if its potential is to be the same as 
before, k^ is here a function of the geometry of the new configura- 
tion. Thus, under these conditions, the amount of charge taken in 
by the body A during the change from one position to the other 
would be {k^ — k)X. If this charge is not allowed to leave the 
system composed of the body A and the system to which it is con- 
nected, it will be available for altering the potential of the whole. 
If F is the alteration of potential, and C is the capacity of A and 
its connections, we shall have C V = {k^— k) X, that is, on chang- 
ing the body from the first position to the dotted position, the 
potential of the whole system to which it is connected will be al- 
tered by an amount proportional to X. When the arrangement 
is once standardized, it serves as a means of measuring AT, the 
potential gradient. 

The actual apparatus employed is represented diagrammatically 
in Fig. 5.^ The disk B and the rod C constitute together the 
body A . These are connected to a rod P, which itself is connected 
to a wire passing down to a special key at the other end of the 
apparatus, and kept tight by a spring. The rod P is surrounded by 
a hard rubber stopper which closes the end of a brass tube D 
surrounding the central wire. The key, which, together with the 

• Since this apparatus was installed on the Carnegie for her present cruise, I find, from a pub- 
lication just received, that a method depending on principles somewhat similar to those employed 
in the present apparatus has been used by G. Angenheister in some recent atmospheric meas-^ 
urements made at sea. (Die luftelektrischen Beobachtungen am Samoa-Observatorium 1912-13.. 
Aus den Nachrichlen der K. Gesellschaft der Wissenschaften zu GUttingen, Mathematisch-physikalische 
Klasse. 1914.) 



Digitized by 



Google 



184 



W. F. G. SWANN 



[Vol. XIX, No. 3] 



metal box enclosing it, is shown enlarged at the bottom of the 
diagram, consists of two main parts, a fixed part and a rotating 
one. The latter is of metal, and is in electrical connection with 




Fig. 5 

the central wire. It is firmly fixed to an ebonite plug which closes 
the end of the brass tube D. It thus rotates as one piece with the 
tube D and the body A . The other portion of the key consists of 
a hard rubber base, firmly fixed by four rods to a metal plate 
attached to the support G of the apparatus. This hard rubber 
base carries two metal pieces a and h. a is connected to the electro- 
scope, b to earth. The two arms of the movable part are of different 
lengths, and are arranged so that while one end will connect a to 
6, the other part escapes b but touches a. Thus, in one position 
the electroscope is connected to the apparatus and to earth, while on 
rotating the moving part through 180° the apparatus becomes 
connected to the electroscope only. The key, as above stated, is 
completely enclosed in a metal box H. This box is provided with a 
drying attachment. The insulation at the other end of the tube 
D is shielded by a cover with three compartments, as shown in the 
figure. These compartments minimize the chapce of any spray get- 
ting to the insulation. The method of carrying out the observa- 
tions is as follows: 

The apparatus is fixed so that the tube D can rotate about an 
axis perpendicular to a plane in which there is an appreciable 
electric force. In the case of the sea observations the axis of D 
is horizontal, and it is arranged that C moves in a plane at about 
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45° to the stem rail of the ship. It is further arranged that when the 
disc B is at its nearest position to the stern of the ship, the key 
earths it, and the electroscope at the same time. The reading of 
the electroscope having been taken, the moving part is rotated 
by means of the handle / through 180°. and just as this position is 
reached contact becomes again made with the electroscope. The 
alteration of potential V is thus obtained. It will be noted that 
insulation is of much less importance in this apparatus than in 
the case of the radioactive collectors, for it is only necessary that 
the apparatus shall not suffer any appreciable leak during the 
interval that one is turning the handle through 180°. The second 
contact with the electroscope need only be made instantaneously, 
so that there is no danger of leak while the reading is being taken. 
The operation of turning the handle through 180° is such a short one 
that it is readily possible to arrange that the readings shall always 
be taken in one definite position of the tilt. One way of attaining 
this is to look through a small hole fixed to the apparatus, at a wire 
also fixed to the apparatus, the normal position of this wire being 
horizontal and parallel to the length of the ship. If readings are 
then taken when this wire is parallel to, and apparently coincident 
with, the horizon, they will always be taken at one position of the 
til^ of the ship. 

The electroscope used should be of a fairly sensitive type, for 
in view of the fairly large capacity of the apparatus the potential 
alterations of the electroscope are only of the order of 10 volts. 

The mechanical work involved in the construction of the po- 
tential-gradient apparatus, and in the adaptation of the ion- 
counter to the method here described, has been carried out by my 
laboratory aid, Mr. C. A. Kottermann, to whom I wish to express 
my thanks. 

Department of Terrestrial Magnetism. 
Carnegie Institution of Washington, 
July 20. 1914. 
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LETTERS TO EDITOR 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE CHELTEN- 
HAM MAGNETIC OBSERVATORY. JANUARY 1 TO 
JUNE 30, 1914. 

Latitude J^ 44', N; Longitude 76"" 50', S, or 5^ 07.^4 W. of Greenwich, 



Greenwich Mean Time 


Range 


Beginning 


Ending 


D 

(Declination) 


H 
(Hor'llnt.) 


Z 

(VertM Int.) 


1913 h m 
April 6, 8 17 
April 7, 17 31 
May 15, 20 19 
May 31, 5 58 
June 19,* 19 29 
' une 25,* 2 03 


1913 

April 7, 
April 8, 
May 18, 
June 1, 
June 20, 
June 28, 


h 

5 

9 

3 

10 

2 

6 


30.5 
19.7 
18.6 
40.3 
10.3 
23.0 


y 

95 
106 

88 
175 

84 
127 


7 
175 
44 
62 
70 
12 
62 



* These disturbances were not of sufficient magnitude to characterize any 
particular day as "2" in the report of magnetic character of days. 

George Hartnell, Observer-in- Charge. 
O. H. Tittmann, Superintendent, 
Coast and Geodetic Survey. 



THE MAGNETIC CHARACTER OF THE YEAR 1913. 

The annual review of the "Caract^re magn^tique de chaque jour *' for 
19 1 3 has been drawn up in the same manner as the preceding years. 
Forty-three observatories contributed to the quarterly reviews; 42 of 
them sent complete data. Table H of the annual review, containing the 
mean character of each day and of each month, the list of '* calm days " 
and the days recommended for reproduction are reprinted here. 

G. VAN DiJK. 
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NOTES 

//. Cruise of the Carnegie, rgr4. The Carnegie, after various repairs 
had been completed, left Brooklyn on June 8, this time under the com- 
mand of /. P. Ault, for five months' cruise in the North Atlantic. She 
arrived at Hammerfest on July 3 ; after various shore observations had 
been made she sailed again on July 25, her next port being Reikjavik, 
Iceland. 

12. Hudson Bay Magnetic Expedition. W. /. Peters, formerly in com- 
mand of the Carnegie, sailed in the chartered schooner, the George B. 
Cluett from Battle Harbor, Labrador, on July 31, to carry out a magnetic 
expedition to Hud.son Bay for the Department of Terrestrial Magnetism. 
He is assisted by Observer D. W. Berky. 

/?. Personalia. Prof. Kr. Birkeland returned to Christiania in July 
after a sojourn of seven months in Africa, where he continued his re- 
searches on the zodiacal light. He will return in October and continue 
the observations for three years at three stations : Natal, Uganda and 
He! wan. Dr. G. Angenheister visited, on June 16, the new research 
building of the Department of Terrestrial Magnetism at Washington 
City ; he was en route to Apia, Samoa, having been appointed the per- 
manent director of the Geophj^sical Observatory located there. 
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THE FREE AND FORCED VIBRATIONS OF A SUS- 
PENDED MAGNET (Concluded). 

By Harry Fielding Reid. 
PART I. THEORY. . (Continued.) 
Vertical Disturbance, In 1860 Melde^ showed that a stretched 
string could be set in strong transverse vibration by a longitudinal 
movement of its end with a period half that of the transverse vibra- 
tion. Lord Rayleigh^ pointed out that this principle applied to 
many kinds of vibrations, and especially that a pendulum could 
be made to vibrate through a large arc by a properly-timed vertical 
movement of the support. The period of the disturbance is' half 
that of the vibration. This experiment can easily be repeated. 
Hold in the hand a string with a weight fastened to it, and start 
it swinging gently. As the weight leaves its position of equiUbrium 
raise the hand, and as it approaches it lower the hand; the ampli- 
tude will continually increase. The action of the forces in increas- 
ing the amplitude is clear. As the weight leaves its lowest point, 
it is raised by the increase in the tension of the string over the 
force of gravity, and its motion is not at right angles to the string; 
so that its velocity is not destroyed as rapidly as with a stationary 
support. As the weight falls, gravity increases its velocity on ac- 
count of the relaxation of the string, and it falls a greater distance 
on account of the lowering of the support. It therefore arrives at 
its lowest position with a greater velocity than when it last left it; 
a continuation of this process increases the amplitude indefinitely, 
and the greater the amplitude the more rapidly it increases. It 
is necessary that there should be an initial swing, for purely vertical 
forces could not originate horizontal movements. 

»Ueber Erregung stehender Wellcn eines fadenformigen KOrpers. Pogg. Ann. 1860, vol. 
CIX, pp. 193-215; vol. CXI. pp. 513-537. 
» Phil. Mag. 1883. vol. IV, pp. 229-235. 
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When a suspended magnet is subjected to a vertical periodic 
displacement it will be set into horizontal vibrations like a pendu- 
lum; and, as we have seen, when a magnet vibrates as a pendulum, 
it necessarily also oscillates as a magnet. Let us develop the equa- 
tions and study the characteristics of the motion, considering first 
the magnet with unifilar suspension. 

In the first part of this paper we have assumed that the magnet 
and the fiber move as though rigidly connected ; that is, we have 
not considered any movement of the magnet about the point 
where the fiber is attached to it. This approximation is close 
enough in the case of horizontal disturbances which are not very 
sudden, but can not always be applied in the case of vertical move- 
ments, for on account of the distance between the center of sus- 
pension and the center of gravity, variatiohs in the tension of the 
fiber develop direct moments about the center of gravity with 
corresponding oscillation of the magnet in the meridian plane; 
but in a plane at right angles to this one, a moment of this kind 
is not directly developed, and we may with sufficient accuracy 
follow the former method. 

Suppose the point of attachment of the fiber to the magnet is 
displaced towards the northeast in a direction making an angle P 
with the meridian, and the fiber itself makes an angle with the 






Fig. 4. 



Fig. 5. 



Fig. 6. 



vertical (see Figs. 4, 5, and 6) ; suppose the magnet is turned through 
an angle B about a vertical axis and tilted in the meridian plane 
through an angle ^ (positive when the N end rises), r, the tension 
of the fiber, may be divided into its three components, r, vertically 
upwards, — r cos jS . * ?^ — t *' to the north, and — r sin ^ . * = 
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— T 0" to the east. The movement of the center of gravity is 
given by the equations 

• M~+r<t,'=0 



Let /' be the length of the fiber, / the distance from the point of 
support to the center of oscillation, which we may take as the 
distance to the center of gravity; X the distance from the point of 
attachment to the center of gravity, and therefore / = /' + X. 
Then by Virtue of the geometric relations 



^ = /^ +x^-. / +X-- ; 






df" dt' ' rf/2 

d'^y ^ d^" __ dH 
df" dl' ^ dt^ 



the equations (42) become 



M/''^>'+Mx5^+r,^'=0 



d^4," ,, dh 
-df-^'W^ 



Ml^%-Mc^+r,"=0 



(43) 

\ 

' (44) 



Let Mpi^ be the moment of inertia of the magnet about a 
horizontal axis at right angles to its length and passing through 
its center of gravity, and let M p^^ refer to a vertical axis through 
the center of gravity. The equations of rotation become 

MpAJ- + rc<t>" +Hmd = \ 

Let the support be moved vertically according to the expression 
f sin /> /; this will also express the vertical movement of the center 
of gravity if we neglect the insignificant part due to the small 
angular displacements. The vertical acceleration becomes —p^t 
sin p /, which must equal the vertical forces; therefore t ^ Mg = 
— p^i sin pt. Introducing the value of r derived from this rela- 
tion into equations (44) and (45), and separating the derivatives 
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of the variables, we get the following two pairs of simultaneous 
linear differential equations: 



^' +a,2 (1 - 2a, sin ^/) 0" + ^% = 
-^ + &,2(i- 2a, sin />/)*"+ fi^e =0 



^ + d,^ (1 - 2a, sin pi) 0' - rf,2 (1 + ^2 - 2a, sin pt) ^ 

= — ^-r— ^ sm pt 

A 

-^ - e,« (1 - 2a, sin pt) 4>' + e,» (1 + j^ - 2a. sin /./) ^ 



(46) 



(47) 



2a, C €{ 



sxxvpi 



Where 



The separation of these equations into two independent pairs 
shows that the swing and tilt in the meridian (0', ^,) on the one 
hand, and the swing in the prime vertical and the magnetic oscil- 
lation (0", d,) on the other, are independent of each other. 

The solutions of equations (46) are 



*"= 2 \^rsin(^c,-rp)t + BrCos(=t=c,-rp)t\ ) 
^ =2 \CrSin(^c,-rp)t + DrCos(=^c,-rp)t] \ 



(49) 



where the summation is to cover all integral values of r from 
— 00 to + 00 , and there are certain relations among the coef- 
ficients. The value of c^ is determined by an infinite determinant, 
and is real when r p is not very nearly equal to 2a,. In this case 
Cq does not differ much fro'ltn a„ the frequency of the pendular 
swing when there is no movement of the support. 
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Equations (49) represent a series of periodic terms, whose 
constant coefficients are smaller as the numerical value of r in- 
creases; but as the frequencies are not multiples of any fflnda- 
mental quantity, the series is not a Fourier series, and does not 
represent a periodic motion. VVTien, on the other hand, r p is very 
nearly equal to 2 a,, Cq becomes imaginary, and one term of the 
solution is multiplied by a factor e*S where 5 is positive. The 
amplitude of this term continually increases unless it is limited by 
damping (which we have not considered) or until the motion 
becomes too large for our equations to apply. The most important 
case is when r=l, and p nearly equals 2 a,; the period of the 
vertical disturbance is half that of the swing; an increasing pendular 
swing and an accompanying increasing magnetic oscillation are 
set up. When r = 2, and p nearly equals a,, we also have increasing 
amplitudes, but 5 in the factor e^^ is much smaller than in the 
former case; it is still smaller for larger numerical values of r. 
The coefficients of 6 in equations (46) do not contain a periodic 
term, and therefore we do not find increasing amplitudes of 0" 
or 6 dependent upon a relation between p and fi, the frequency 
of the disturbance and that of the magnetic oscillation. We 
conclude that a vertical disturbance causes large magnetic oscilla- 
tions only by starting large pendular swings, and does not act di- 
rectly on the oscillation itself. This is otherwise evident, for the 
vertical forces are always at right angles to the movement in a 
magnetic oscillation. 

The solutions of equations (47), which represent movements 
in the meridian plane, consist of two parts: first, the "free" 
motion, being the solution when the second members are zero; 
and second, the "forced" motion, when the second members are 
retained. The solution for free motion is of the form of equations 
(49), but there are two values of Cq nearly equal respectively to 
the natural frequencies of the two types of motion, 0' and ^; and 
there are two groups of periods of the disturbanc e, namely when 
r p nearly equals either 2 d^ or 2e^\/l + v"^ jd^^ which make c^ 
imaginary, and introduce in one term of the solutions a cumulative 
factor, e^^ . The forced part of the motion is also of the same form 
as (49), only we must replace c^ by p. It is found that, when 
c^ is real (and there is no cumulative "free" motion), we may 
have a large forced vibration if p is nearly equal to "^ c^ — f p y 
that is, to any of the various frequencies in the free motion solu- 
tion; if p is exactly equal to one of these frequencies, p= ^c^^rp, 
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or p = Co/(l+r), that is, the period of the disturbance is a multiple 
of one of the two natural periods. Under these circumstances a 
factcfr t appears, as in equations (35) and (36), and we get a con- 
tinually increasing forced motion, of both types (0' and ^).' 

In treating the movements of a bifilar magnet we shall confine 
our attention to the Kew pattern where the two fibers are con- 
tinuous around a small wheel fastened to the magnet, thus insur- 
ing equal tensions; and the point midway between the fibers lies in 
the line of suspension. If the fibers were fastened separately to 
the magnet they would not in general have the same tension and the 
equations would become more complicated, but the character of 
the movement would not be essentially different. 

We shall suppose our magnet held in the prime vertical, with 
its N end to the west, by a turn of the fibers through an angle a. 
Let the magnet be displaced to the northeast in a direction making 
the angle /3 with the meridian, and rotated positively (N end to the 
north) through an angle 6. The forces acting to move the center 
of gravity are the same as for a unifilar magnet; and the moments 
are slightly altered; the moment due to the twist of the fibers 
and the horizontal magnetic force is the difference between the two 
members of equation (39) . We neglect the tilting, yj/^, in the meridian 
about the point of attachment at the magnet, but must consider 
the tilting in the prime vertical, 7, which we take as positive when 
the S end of the magnet rises. 

Equations (42) give the movement of the center of gravity 
and are changed to the angular coordinates through the relations 

x = l<t>'-cd y = V4>'' + ^y + c (50) 

The equations of rotation become 

d^y 2r\ (7-0^0 +2rc-mZ = 

d^d 2Tc<t>' Irabsin a — Hm _ 
df ■*■ l/pT" ^M~l^ l^f'p/' 

* The method of solving the above equations is due to G. W. Hill, who dealt with only a single 
equation with one dependent variable and with the second member zero. On the part of the 
Motion of the Lunar Perigee which is a F'unction of the Mean Motions of the Sun and Moon. 
Acta Math. 1886. vol. VIII, pp. 1-36. 

Lord Rayleigh applied the method to other problems: On Maintained Vibrations, Phil. Mag. 
1883, vol. XV, pp. 229-235; On the Maintenance of Vibrations by Forces of Double Frequency 
and on the Propagation of Waves through a Medium endowed with a Periodic Structure, Phil. 
Mag. 1887, vol. XXIV, pp. 145-159. Andrew Stephenson extended it to embrace forms some- 
what more general than those in this paper: On a Class of Forced Oscillations, Quart. Jr. Pure & 
Appl. Math. 1906, vol. XXXVII, pp. 353-360; On the Forcing of Oscillations by Disturbances of 
Different Frequencies. Phil. Mag. 1907. vol. XIV, pp. 115-122. 
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Replacing 2t by Mg — Mp^i sin pt as before, and ^^-hy % + 0\ 
remembering that Mgah sin (tjl' =Hm, and separating the de- 
rivatives of the variables, we obtain the equations 

-£^ + <^\ (1 ~ 2«, sin pt) 0' + a,2 c (1 - 2c4 sin pi) Q^h^c sin pi ^ 



(52) 



-^ + h^ (1 -2a, sin pi) </)' + a^l (1 -2a, sin pi) e = b;n smpi] 

^^W~ ^ ^'^ ^^ " ^""^ ^'" ^^^ *" " "^^^ ^^ " ^''' ^*" ^^^ ^ \ 

2a,d,^c . ^, / 
= --Y-sin/>/ (53) 

^^J + e,^ (1 - 2a, sin Pi) (y - </>") = - ^^' sin />^. ) 

where, in addition to values given in (48) 

abcos% i . .2_ pHab sin a, | 
""' " P,H' ' I ' ^' " p.^n ' c ""' ^^^^ 

Again we find the motions in the vertical plane of the magnet 
independent of the others. Equations (52) are like equations (47). 
We shall therefore have continually increasing amplitudes of both 
0' and 6 ii r p very nearly equals 2 a, or 2 J^, that is, if the period 
of the vertical disturbance is very nearly any whole number of 
times half the natural period of pendular swing in the meridian, or 
any whole number of times half the natural period of magnetic 
oscillation; the only important periods are those nearly equal to 
half one of the two natural periods. There will also be large 
forced vibrations if the period of the disturbance corresponds with 
the natural period; the forced oscillations will be more pronounced 
than the forced swings. Equations (53) also are similar to (47). 

When the support of a magnetic balance is subjected to a 
vertical disturbance f sin /?/, a vertical force f^ — Mp^^ sin ptxs 
applied at the knife edge, which introduces a moment, — /c —foil/; 
(see Fig. 3, page 71). The moment of restitution is — {m H + 
Mgo)\l/j and the equation of rotation becomes 

I^^- + (mH + M go - MopHsinpi)il^= -McpHsinpi (55) 

a form exactly similar to equation (41) for horizontal disturbances.^ 
In both cases cu mulative free oscil lations are set up ii r p very 
nearly equals 2 y/{mH + Mgo) / 1, and large forced oscillations 
when p = Cq/{1 + r); as we found for the simultaneous equa- 
tions (47). That is, large oscillations will be set up if the period 

* M should be substituted for m in the right hand member of (41). 
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of the disturbance (horizontal in the meridian, or vertical) very 

nearly equals either the natural period of oscillation or one-half 

this period. 

PART II. EXPERIMENTS. 

Although the theory makes it abundantly clear that a vibra- 
tion of the support of a suspended magnet will cause a magnetic 
oscillation, which will be especially marked when the vibration 
has one of several proper periods, it seems desirable also to show 
by experiment that this is true. 

Accordingly a magnet was suspended by means of a light 
copper wire stirrup and a cocoon fiber in a wooden box, similar 
in a general way to the ordinary case of a magnetometer. A small 
plane mirror facing west was fastened to the stirrup immediately 
above the magnet, and deflections were observed by means of a 
telescope and scale. The box rested on two round breiss rods, so 
that it could easily be moved in an east-west direction. To show 
that an east-west pendular swing is always accompanied by mag- 
netic oscillations having the pendular period, the box was sud- 
denly moved a short distance, %., to the west. A pendular swing 
was immediately started, and on looking through the telescope 
the scale appeared to move lineally in a direction making a small 
angle with the vertical. The vertical movement measured the 
angular displacement, 0, of the pendular swing, and the horizontal 
movement measured the magnetic oscillation ; the former was about 
ten times as large as the latter. As the two movements combing 
into a linear movement, their periods were absolutely the same, 
and corresponded to the period of the pendular swing. There was 
also seen a small horizontal oscillation having the magnetic period, 
with an amplitude about equal to that of the magnetic oscillation 
with the pendular period. 

We now turn to our equations to see if they indicate the rela- 
tive amplitudes ol^served. The sudden movement of the support 
was equivalent to a displacement of the magnet, parallel with 
itself, an equal distance, %, to the east; so that the initial conditions 
are: when t = o, y = y^, dy / dt = 0, 6 = 0, dB/dt = 0. The 
right hand members of the last three equations at the bottom of 
page 61 become zero, and that of equation (a) becomes %. We find 
^1 = e, = 0, A^ = ky^ / (k-h), A^ = — h yo/ (k-h), and equation 
(9) becomes 

y h V 

= y cos «, / — -~^ COS «, / 

6 = A^cosw,/ — /^y^cosn,/ 
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As k is about 90,000 times A, we have omitted the latter in the 
terms k-h; and we have replaced y by its practical equivalent <t>l; 
since we measure directly and not y. We see that the relative 
amplitudes of <t> and 6 for the pendular period are as 1/hl; that 
the magnetic oscillation with the magnetic period has the same 
amplitude as that with the pendular period, and that the pendular 
swing with the magnetic period is extremely small. 

The length of the suspension, /, measured from the center of 
gravity was 34 cm., giving a pendular period of 1.17 seconds. 
The magnetic period was 6.80 seconds. The following constants 
were determined in c. g. s. units: M = 6.682, m = 53.44, 1 = 12.2; 
we assume H = .195 and dip = 70°, which give Z = .535, 
c = .0044 and h = .0025, and 1/hl = 12. The observed relative 
values of the two vibrations with the pendular period was therefore 
about right. 

As the interplay of the two kinds of vibrations depends on the 
separation between the center of gravity and the center of sus- 
pension, and as this separation depends on the vertical component 
of the earth's magnetic field, and disappears with it, the interplay 
should cease if we should annul the vertical component, and a 
mo\'emcnt of the support should then develop a pendular swing 
only and no magnetic oscillation. To annul the vertical force 
two long magnets were fastened to the movable support, one above 
and one below the suspended magnet, and so placed as to develop 
a vertical magnetic field about equal, and in the opposite direction, 
to the vertical component of the earth's field. The adjustment 
was far from perfect, but on suddenly displacing the support as 
in the former experiment, the magnetic oscillation was only 
1 /20th or 1 /30th of the pendular swing. 

The attempt was then made to set up a magnetic oscillation 
with the magnetic period by moving the support back and forth 
in this period by hand. The estimated range was 3 mm. or the 
amplitude 0.15 cm.; the period was checked by a metronome; 
the movement was kept up for six complete periods. The first 
term of the second equation (36) shows that the amplitude at- 
tained should be about 24'; actually it was only about 8'. This 
difference apparently was due to the impossibility of keeping the 
exact period, and to irregularity in the movement; the latter also 
was the cause of a larger pendular swing than the first equation 
(36) calls for. On repeating the experiment with the magnets 
annulling the vertical force in place, no material reduction in the 
3 
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amplitude of the oscillation produced was noticed. The -cause of 
this discrepancy was not clear. It is possible that a better agree- 
ment in period was realized in the last experiment, and that the 
controlling magnets were not properly placed; but the facilities 
and time at my disposal did not permit me to clear this up. I am 
convinced that with proper arrangements the equations would be 
entirely confirmed. 

The difficulty of arranging for a vertical vibration prevented 
the testing of this part of the theory, but the simple ^ixperiment of 
setting a pendulum swinging by properly timed vertical move- 
ments of the support can be easily tried by any one, and the first 
experiment above makes it clear that, if the pendulum is a sus- 
pended magnet, a magnetic oscillation with the pendular period 
will also be produced. A very short experience with a suspended 
magnet having a movable support will impress any one with the 
ease with which magnetic oscillations can be produced by simple 
mechanical disturbances. 

Under vertical displacements, the bifilar magnet, in addition 
to acting like a unifilar, is, as has been shown, also influenced by a 
special turning moment due to the fact that there are two sus- 
pending fibers. The characteristic moment produced can readily be 
exemplified with an ordinary non-magnetic bar. Hang the bar 
to a pencil or to one's finger, by two parallel strings, and start it 
oscillating; as it approaches its position of equilibrium, lower the 
support; as it leaves it, raise the support; the oscillation will 
increase at first slowly, and then more rapidly. A little considera- 
tion will show that we are practically dealing with an ordinary 
pendulum under peculiar conditions; or, perhaps it might be better 
to say, with two pendulums attached to each other and moving 
in opposite phases. 

PART III. INFLUENCE OF EARTHQUAKES ON SUSPENDED 

MAGNETS. 

It has long been known that magnetic needles are often made to 
oscillate by near or distant earthquakes; but the phenomenon is 
much more general than is generally recognized. Very many, 
perhaps all, severe earthquakes, and some that are not severe, 
set recording magnets into oscillation. The Riviera earthquake 
of February 23, 1887, disturbed magnets at many observatories 
from Lisbon to Vienna and from the south of France to England 
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and northwest Germany.^ The California earthquake of April 18, 
1906, disturbed magnets in the observatories of Honolulu, Sitka, 
Baldwin (Kansas), Toronto, Cheltenham (Maryland), and Porto 
Rico.^ Many other instances might be cited. 

The Riviera earthquake gave rise to much discussion of this 
phenomenon. Mascart^ could not understand how a simple shak- 
ing of the support could excite the oscillations of a magnet; he 
states that the observed disturbances were not like the usual mag- 
netic perturbations, but resembled more nearly the disturbances 
due to the momentary electric currents which made the time 
marks on the record, but continued for a longer period; that is, 
the disturbance was due to an oscillation whose period was to be 
measured in seconds rather than in minutes. Mascart believed 
the disturbances of magnets at various observatories were simul- 
taneous, in spite of the difference in distance from the origin of the 
earthquake; and he suggested that electric currents, which dis- 
turb the magnets, were set up at a particular phase of the earth- 
quake. But it is difficult to understand how currents could be 
produced, and Moureaux attempted to decide between the mechani- 
cal and electric or magnetic theory by setting up on the pier sup- 
porting the horizontal component, or bifilar magnet, a copper 
bar of the same form (and presumably of the same size), mounted 
in the same way, and with the same orientation. At the time of 
subsequent earthquakes the bifilar magnet oscillated but the 
copper bar did not; Moureaux and Mascart thought this result 
precluded a mechanical explanation of the phenomenon.^ If they 
had made the rather obvious reverse experiment of shaking their 
magnet, they would have found that an oscillation of the magnet 
could be set up by mechanical vibrations, and probably would have 
cleared up the whole subject. 

This problem has engaged the attention of many other dis- 
tinguished magneticians, who in general have concluded that the 
oscillation of the magnet was due to mechanical vibrations, and 
based their conclusion on the fact that the magnet was affected 
at the time of the arrival of the earthquake vibrations. This 

* Davison gives a map showing thirteen observatories where magnets were set into oscillation 
by this earthquake. A Study of Recent Earthquakes. London, 1905, p. 158. 

* The California Earthquake of April 18, 1906. vol. II. p. 139. 
» C. R. 1887, vol. CIV, pp. 607-608. 

* Sur Ics relations qui peuvent exister entre les perturbations magn^tiques et les trerablements 
de terrc du 30 Mai 1889. Letter of M. Moureaux to M. Mascart. C. 5. 1889, vol. CVIII, p. 1189. 
Sur la cause de certains troubles observes sur les courbes des magn^tographes. C. R. 1889, vol. 
CIX. pp. 272-274. 
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explanation seems first to have been advanced by the astronomer 
F. Carlini in 1842. He thought the oscillation was due to a ** simple 
mechanical shock communicated to the center of gravity of a needle 
hung by a very fine wire/' and proposed to test this idea by setting 
up a heavy pendulum to determine if the pendulum and the magnet 
would be disturbed at the same time. Agamennone, who reports 
Carlini *s suggestion, states that the seismographs installed later 
confirm Carlini's idea.^ Among others who have adopted this 
explanation, without attempting to show how a mechanical vibra- 
tion could produce an oscillation of the magnet, may be mentioned 
Wild,^<* Eschenhagen,^^ Messerschmitt,^^ and Bauer.^^ While 
Bauer was in charge of the magnetic work of the United States 
Coast and Geodetic Survey seismographs were installed in the 
magnetic observatories of the Survey for the purpose of comparing 
their records with those of the recording magnets. An interesting 
account of this comparison was given by Burbank,^* from which it 
appears that the two classes of instruments did not always record 
the same disturbance; some earthquakes recorded by the seismo- 
graphs were not recorded by the magnetographs, and vice versa; 
in other cases both instruments recorded the same disturbance. 
The magnetic record usually consisted of a broadening or blurring, 
or even interruption, of the photographic trace, indicating oscilla- 
tions too rapid to be recorded separately ; but another class of mag- 
netic disturbance seemed to be associated with some earthquakes, 
namely, small periodic oscillations with periods of two or more min- 
utes. These, I believe, were first noticed by Moos in Bombay at 
the time of the great Assam earthquake of June 12, 1897.*^ Farr^' 
gave a more careful description of similar movements recorded at 
Christchurch, New Zealand. Both writers considered them mag- 
netic. They deserve careful study. It is strange that the period 

• I terremoti e le perturbazione magnetiche. G. Agamennone, Rend. d. R. Acad. d. Lincei, 
1893. Ser. 5. vol. II, p. 479. 

«• C. R. 1889. vol. CIX. pp. 164-166. 

<> Erdmagnetismus und Erdbeben. Sitz. Akad. Wiss. Berlin. 1894, pp. 1165-1172. 

«» Beinflussung der Magnetographen-Aufzeichnungen durch Erdbeben und einige andere 
terrestrische Erscheinungen, 5i72. K. Bayer, Akad. Wiss. Math.-Phys. Kl. 1905, vol. XXXV, pp. 
135-168. 

>* Magnetograph Records of Earthquakes with Special Reference to the San Francisco Earth- 
quake. Terr. Mag., 1906, vol. XI. pp. 135-144. 

>« Earthquake Disturbance Recorded on the Magnetographs at the Observatories of the 
U. S. Coast and Geodetic Survey, No. I, Terr. Mag,, 1905, vol. X, pp. 113-125. 

'• See B. A. ii. 5. 1898, Rep. on Scismol. Observ., p. 240. 

••Records of Earthquakes in Quickly-driven Magnetographs. Terr. Mag., 1902, vol. VII, 
pp. 193-195. 
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of the waves on the declinometer record at Christchurch was 137 
seconds and on the bifilar 41.5 seconds. No explanation is offered 
of this curious difference. The natural periods of oscillation of the 
two magnets were 10.34 and 13.07 seconds, respectively. 

There are two investigators who threw much light on our 
problem. In 1885 Charles Davison^^ pointed out tentatively that 
one end of a compass-needle would receive a greater effective im- 
pulse than the other at the time of an earthquake shock on account 
of its greater mass; he did not consider a magnet suspended by a 
fiber. Later he explained the different responses of Moureaux's 
bifilar magnet and copper bar by stating that in order that the 
magnet may rest in a horizontal position, its center of gravity 
must be at unequal distances from the two points of support.^* 
Though neither of these explanations is strictly accurate, still I 
think the credit is due to Davison of having first perceived the true 
cause of the oscillation of magnets under earthquake movements. 

In 1895 J. Liznar^^ gave a perfectly correct explanation of the 
oscillations of a unifilar magnet and of a magnetic balance due to 
an earthquake; but in his explanation of the oscillation of a bifilar 
he deals with causes of the second order of small quantities and 
overlooks the more important displacement of the center of gravity 
due to the vertical component of the magnetic field. He expressly 
excludes vertical movemaijts as a cause of the oscillation of unifilar 
and bifilar magnets. 

These two important papers seem to have been almost entirely 
overlooked. Writers on seismology, such as Milne, De Montessus 
de Ballore, etc., do not refer to Davison's paper at all; and where 
Liznar has been mentioned there is no intimation that he has made 
any important addition to our knowledge of this subject. Neither 
paper was known to me until my study of magnetic oscillations 
due to horizontal mechanical disturbances was finished. 

Milne, with his accustomed industry, investigated this subject.^ 
He collected reports from many magnetic stations and compared 
them with the times of recorded earthquakes. This statistical 
method can not, of course, yield an explanation ; it is capable only 

" On a Possible Cause of Disturbance of Magnetic Compass-Needles during Earthquakes. 
Geol. Mag.. 1885, Dec. Ill, vol. II. pp. 210-211. 

'•-4 Study of Recent Earthquakes, p. 161, footnote. 

"Einfluss des Erdbebens vom 14 April 1895 auf die Magnetographen in Pola und Wien 
nebst einigen Bemerkungen Uber die Wirkung der Erdbeben auf magnetische Variattons-Ap- 
parate Uberhaupt. Meteor. Zeitschr, 1895, vol. XII, pp. 261-267. 

* B. A. A, S., Rep. on Seismol. Investigations, 1898. 



Digitized by 



Google 



202 H' F. REID [Vol. XIX. No. 4] 

of suggesting one. And, as was to be expected, Milne's results 
are inconclusive. He found great diflferences at diflferent observa- 
tories, some reporting many disturbances of the magiiets at the 
times of earthquakes, others much fewer. He suggests that this 
may be due to more or less synchronism between the periods of the 
magnets and of the earthquake waves, but finds no satisfactory 
confirmation of this idea. He also sought a relation between 
stations which reported many magnetic responses to earthquakes, 
and gravitational anomalies, but his results were wholly indecisive. 
A rather curious fact reported is that magnetographs mounted in 
Toronto were less affected by earthquakes than after they were 
removed to Agincourt, a few miles away.^^ On the whole, Milne's 
investigation, though bringing together many observations on the 
subject from widely scattered regions, threw no real light on the 
cause of the phenomenon. 

It has been shown in the first two parts of this paper that' both 
horizontal and vertical mechanical vibrations are capable of caus- 
ing oscillations of recording magnets; and, in particular, that there 
are two periods for horizontal and one for vertical disturbances which 
will cause marked oscillations of a unifilar magnet; that there 
are two periods for horizontal and three for vertical disturbances 
that will cause marked oscillations of a bifilar magnet; and, finally, 
that there are two periods for horizontal and two equal periods for 
vertical disturbances which will cause marked oscillations of a 
magnetic balance. The period of the disturbance must be very 
close to the proper value in order that the effect may be cumulative, 
in order, therefore, that a disturbance of small amplitude may 
make a clear record in the magnetic trace; and this seems to be 
one reason why the responses of recording magnets to earthquake 
disturbances are so variable. A careful comparison of the natural 
periods of the magnet and the periods of the earthquake vibrations 
which set it in oscillation would be necessary in order completely 
to establish this relation. 

The amplitude of the first and important term of the second 
equation (36) may be thrown into the form irCth/Te, There- 
fore, if two magnets are subjected to a mechanical shaking for the 
same length of time, and if the period of the disturbance is, in each 
case, exactly the magnetic period of the magnet acted upon, the 
amplitudes developed will be proportional to h/Te for the two 
magnets. The values of h and Te for the magnet used in the 

«> Seismological Observations and Earth Physics. Geog. Journ., 1903, vol. XXI, pp. 15-18. 
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experiments described in Part II are h = .0025, Te = 6.80; for 
the magnet 26 (mentioned on page 61) h = .00114, Te = 10.7. 
The amplitude developed in the first magnet would therefore be 
about three times as great as that of the latter. The great variety 
of recording magnets, both as to their periods and other constants, 
makes them very differently sensitive in their responses to earth- 
quake disturbances. 

There are three other ways, which may be called fortuitous, by 
which magnetic oscillations may be caused mechanically: 1, the 
damping of the magnet may not be symmetric; 2, a magnet of the 
Eschenhagen form which is confined in a copper damping box, may, 
when swinging, strike against the box and be set in oscillation; 
and lastly, a magnet, especially one with unifilar suspension, may 
be tilted about its point of attachment in its own vertical plane, 
thus displacing its center of gravity; and then a movement at 
right angles to the former would introduce a moment which would 
cause oscillations. 

There are so many ways by which oscillations can be produced 
mechanically that we are led to the conclusion that the broadening, 
blurring, or sudden interruption of the magnetic trace at the time 
of earthquakes is due to oscillations of the magnets caused by 
purely mechanical vibrations, and does not require us to assume 
the existence of real magnetic forces or electric currents; and, 
moreover, that the differences in the periods and other constants 
of the recording magnets in actual use account, probably suf- 
ficiently, for their various responses to earthquake disturbances. 
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MAGNETIC DECLINATIONS AND CHART CORRECTIONS OBTAINED 

BY THE CARNEGIE FROM BAHIA. BR.\ZIL, TO ST. 

HELEN-\, MAY 20 TO JUNE 22. 1913.* 

By L. a. Bauer and W. J. Peters. 

(Minus si^n indicaUs west declination; plus, east declination.) 



Position 



Date 



Lati- 
tude 



June 



1913 
May 20 
20 
22 
26 
28 
28 
30 
31 
1 , 
2 
2 
3 
4 
5 
6 
6 
7 

10 
10 

11, 

12 

13 

13 ' 

15 

17 

18 

18 

20 

21 

22 



12 30 S 
12 06 S 
10 3,^ S 
15 54 S 
18 55 S 
18 55 S 
18 12 S 

17 32> S 

18 38 S 

19 06 S 

19 41 S 

20 50 S 
23 44 S 

26 48 S 
29 2i S 

29 51 S 

30 30 S 

31 51 S 
31 47 S 

31 48 S 
n 40 S 

32 31 S 
32 06 S 
30 42 S 

27 39 S 
26 48 S 
26 31 S 
23 47 S 

21 34 S 
18 38 S 



Longi- 
tude 



36 19\V 

35 31\V 
^2> 17\V 

36 16\V , 
36 51 \V 
36 57\V 
34 56\V i 
^i 54\V ! 
34 20W 
34 13\V I 
34 07\V 
34 16\V : 
n 41\V I 
30 34\V I 
28 35VV 
27 03\V 
24 36\V 
15 16\V 



Car- 
negie 



-15 6 
-16 2 
-17.6 
-15.8 
-15.2 



Chart Values Chart Corrections 



Brit. Ger. U. S. ; Brit. Ger. U. S. 



-15.2 

-16.2 

-17.0 

-16.8 

-16 8 

-16 

-16 

-17. 

-17 

-18. 

-20.0 

-20.9 

-24.3 ! 



13 39\V 


-25.2 


12 35\V 


-25.6 


7 56\V 


-27.2 


7 09VV 


-27.5 


6 50VV 


-27.5 


4 55VV 


-27.9 


3 32VV 


-27.6 


3 28\V 


-27.1 


3 16W 


-27.2 


4 51\V 


-26.6 


5 03W 


-25.9 


5 08VV 


-25.3 



-15.6 

-16.1 

-17.6 

-15.6 

-15.1 

-15.1 

-16 2 

-17.0 

-16.6 

-16 6 

-16. 

-16.5 

-17.0 

-17.7 

-18.2 

-19.1 

-20.2 

-24.0 

-25.0 



'.\. 



-25 

-26 

-27 

-27 

-27 

-27 

-27.3 

-27.2 

-26,5 

-26.1 

-25.3 



-15.5 
-16 1 
-17.4 
-15.3 
-14.9 
-14.9 
-16.2 
-17.0 
■16.4 
-16.5 
-16.5 
•16.3 
16.8 
17.6 
18.2 
19.0 
20.0 
24.6 
25.3 
25.7 
27 4 
27.6 
27.8 
28.0 
27.7 
27.6 
27.5 
26.8 
26.2 
25.2 



-16.0 
-16.6 
-17.9 
-16.0 
-15.4 
-15.4 
-16.4 
-17.0 
-16.7 
-16.7 
-16.6 
-16.4 
-16.6 
-17.0 
-17.6 
-18.3 



0.0-0.1 
-0.1 -0.1 

0.0 -0.2 
-0.2 -0.5 
-0.1 -0.3 
-0.1.-0.3 

O.ol 0.0 

0.0, 0.0 
-0.2-0.4 
-0.2i-0.3 
-0.l!-0.3 
-0.11-0.3 
-0.2|-0.4 
-0.21-0.3 
-0.41-0.4 
-0.9-1.0 



19.3 


-0.7 


-0.91 


24.1 


-0.3i-t-0.3 


24.9 


-o.2:-i-o.i 


25.3 


-0.2 -fO.l 


26.9 


-0.3 


-1-0.2 


27.1 


-0.4 


+0.1 


27.1 


-0.3 


-fO.3 


27.4 


-0.1 


-fO.l 


27.1 


-0.1 


-fO.l 


26.9 


-fO.2 


-hO.5 


26.9 


0.0 


+0.3 


25.9 


-0.1 


+0.2 


25.2 


-f0.2'-f0.3i 


24.5 


0.0 


-0.1 



+0.4 
+0.4 
+0.3 
+0.2 
+0.2 
+0.2 
+0.2 
0.0 
-0.1 
-0.1 
-0.2 
-0.2 
-0.6 
-0.9 
-1.0 
-1.7 
-1.6 
-0.2 
-0.3 
-0.3 
-0.3 
-0.4 
-0.4 
-0.5 
-0.5 
-0.2 
-0.3 
-0.7 
-0.7 
-0.8 



> For previous tables, see Terr. Mag., v. 15. pp. 57-82, 129-144; v. 16. pp. 133-136; v. 17, 
pp. 31-32. 97-101, 141-144, 179-180; v. 18, pp. 63-64, 111-112, 161-162; v. 19. pp. 38. 126. 



204 



Digitized by 



Google 



ON CERTAIN MATTERS RELATING TO THE THEORY 
OF ATMOSPHERIC-ELECTRIC MEASUREMENTS. 

By W. F. G. Swann. 

If a conducting body is placed above the surface of the Earth, 
and connected to Earth by a conductor, it is necessary for the body 
to take a charge in order to maintain itself at the potential of the 
Earth in opposition to the influence of the field at the point where 
it is situated. The greater the height of the body the greater the 
charge which it must take. One of the objects of the present 
paper is to consider the theoretical effect of this phenomenon in 
certain cases. 

Case of the Ebert Ion Counter. 

Now consider, for example, such an apparatus as the ion counter 
devised by Professor Ebert, in which the number of ions per c. c. 
in the air is determined by drawing air through a cylindrical con- 
denser with its central member charged to a potential sufficiently 
high to enable it to attract to itself all the ions of opposite sign 
which enter the tube. To fix our ideas, suppose that the condenser 
tubes are vertical, that the air enters at the upper end, and that 
the instrument is further mounted on a pedestal. It is obvious 
that with the usual sign of potential gradient a negative charge 
will appear on the upper end of the ion counter where the air 
enters. This charge will disturb the paths of the ions near the 
mouth of the apparatus, so that a different number will enter with 
each c. c. of air than would have entered in the absence of the 
charge.^ Owing to the complicated shape of the apparatus, it is 
impossible to obtain by pure calculation the magnitude of the cor- 
rection. It is interesting, however, to examine the factors on which 
the error depends, with a view to arriving at its order of magni- 
tude. Suppose, for example, we wish to determine the number of 
negative ions per c. c. In the absence of charge on the apparatus, 
as the air streamed in from points outside the apparatus, the 
stream lines of the ions would coincide with the stream lines of 
the air. The effect of the negative charge on the top of the instru- 
ment is to widen out the stream line of the negative ions. Suppose 
U is the vertical component of the velocity of the air, and X the 

> Similar remarks apply to such an apparatus as the Gerdien conductivity apparatus. 
4 205 
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vertical component of the electric force at any point of the cross 
section of the open end, and let n be the number of ions in each 
c. c. of space. It is easy to see that n is not altered by the charge 
on the apparatus, but is constant anywhere outside the latter.* Let 
V be the specific velocity of the ions. The number of ions passing 
per second through an element d<o oi the opening perpendicular 
to the axis is n {U + vX) dfa: The total number passing in is 

I n{U + vX)dio, the integral being taken right across the entering 

column of air. But I nUdo) is the number of ions which would 

entet in the absence of the charge on the cylinder. Hence if AN 
is the error produced in the number which enter per second, and 
N the numbex* which would enter per second in the absence of 
charge on the apparatus, 

-^t^= Cn(U + vX)di^ / fnUdw 

AN J vXdo} average vertical velocity due to field at open end. 

j Ud cu av. vel. of air current perpendicular to plane of mouth. 

In the case of the measurement of the specific numbers of the 
positive ions we must change X to —X in the above, and the 
theory then indicates an increase in the number of ions entering 
the mouth due to the charge on the top of the cylinder. The 

number entering per second is then increased by ni vXd(o, This 

does not mean that the measured ionic density of the positive ions 
will be increased, however, as we shall see from the following 
reasoning. We must first notice a point which will be obvious 
from Fig. 1, viz., that all the tubes of electric force which con- 
tribute to the force flux across the cross section of the open end of 
the cylinder, are tubes which are attached to the charge on the 
inside of the top of the cylinder. This charge being of opposite 
sign to the ions now under consideration attracts some of them to 
itself; in fact, as we shall show, it attracts to itself just as many 
as represent the increase which it has produced in the number 
entering the open end* If Q is the charge on the inside of the top 
end of the outer cylinder, the number of ions coming to it per 
second is 

^N^^wQnv (2) 

» For the proof of this fact, see appendix to this article, pp. 216-218. 
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Now, since as above pointed out, all the tubes of electric force 
coming out of the open end come from Q, we have 

AtQ = fxdf»> 

Hence from (2) SN = nj Xvd(a 

and this is just equal to the value found above for the increase in 
the number of ions entering the open end per second due to the 
charge on the top of the cylinder. Thus, while the negative charge 
on the top of the apparatus decreases the measured ionic density 
of the negative ions, it does not alter that of the positive ions. 

Although the above question has been discussed in connection 
with a cylindrical opening the conclusion applies generally for the 

case of an opening of any shape. For since j Xdin is 47rC Q 

being the charge on the inside of the outer cylinder, we can 

write (1) in the form —^rz- = ^^ .—r-^ , for any 

^ N flow of air per second 

given value of J Ud^, i, e. of the total air flow per second. In 

order to obtain the order of magnitude of Q, I arranged an experi- 
ment on the following lines. A tube 50 cms. long and 3 cms. in 
diameter was mounted on a box. A thin cylinder of copper foil 
A of very slightly less radius than the outer cylinder was fastened 
on the inside at the top, by means of sealing wax. A was thus 
insulated from the outer cylinder. If put in electrical connection 
with the outer cylinder, it functioned as the inside of the top of 
the latter. A was connected by means of a wire to a tilted leaf 
electrometer contained in the box. A metal cap was made so as 
just to fit over the open end of the outer cylinder. The whole 
apparatus was mounted on a tripod 120 cms. high, in the open air, 
and the object of the experiment was to measure the charge Q, 
which was induced as a result of the potential gradient on the 
cylinder A when connected to the outer cylinder, the latter being 
connected to earth. 

The cap being off, A was connected to the outer cylinder by a 
piece of wire which was afterwards removed. The induced charge 
Q now resided on A. The cap was then put over the outer cylinder, 
care being taken to prevent it touching A . The charge on A then 
distributed itself over the inner system, and the electrometer be- 
came deflected. This deflection corresponded to a definite charge 
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Q induced on the cylinder A , In ordei to standardize the arrange- 
ment, the cap was removed, A being again connected to the outer 
cylinder. A small brass ball was given a definite charge, and after 
disconnecting A from the outer cylinder, the ball was introduced 
into A, to which it gave up its charge. The deflection obtained 
under this condition corresponds to the known charge on the ball. 
Strictly speaking, the cap should be placed on the cylinder 
before the deflection-reading is taken, as in the main experiment, 
but it was found in piactice that this was not necessary. The 
chaiging of the ball was performed by lowering it to the center of a 
large earthed vessel, and then allowing it to touch the end of a 
thin wire which passed through an insulated stoppei in the side of 
the vessel and was connected to the terminal of a battery of 20.2 
volts. If C is the capacity of the ball when being charged, the 
charge q which it takes is 

q = ^' = T-= E. S. U. approximately 

The potential gradient was found by stretching an insulated copper 
wire parallel to the ground, with a collector at its center, the wire, 
of course, being connected to an electroscope. 

The lesults of four experiments are given in the following 
table, R being the ratio of the change in potential of the electro- 
scope when the cap was put on the apparatus to the change pro- 
duced by inserting the charged ball. 

Pot. Grad. 
volts/meter 

71 

73 

76 

4 1.26 0.0756 78 

The mean value of Q is 0.066 E. S. U. and corresponds to the 

mean potential gradient of 74 volts per meter. 

Now the apparatus as used approximates fairly well to the 

general shape and dimensions of the Ebert apparatus, so that if i^ 

is taken as 1.5 cms. per sec. per volt per second, i. e. 480 /cms. /sec. 

AN 
per volt per cm., we should have — r^ = 0.26. For a case where 

the air flow was 1.5 litres per second, and the potential gradient 
was of the order of 70 volts /meter, there would be an erroi of 26% 



Experiment 


R 


Q 

(E.S.U.) 


1 


1.10 


0.066 


2 


1.00 


0.06 


3 


1.03 


0.0618 
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in the measured values of n — Since there is no error in the meas- 
urement of w-^-, it is a question as to whether the greater part of 
the difference sometimes found between the measured values for 
the ionic densities of the positive and negative ions may not be 
attiibutable to this cause. 

The Case of the Measurement of Conductivity. 

In the measurement of atmospheric conductivity by Gerdien's 
method the effect of the induced charge on the outer cylinder 
plays a part in the phenomenon, but in a rather different way. 
The generality of the proof of the expression AwQnv tor the num- 
ber of ions coming to a charged box per second^ shows that pro- 
vided that the conditions for the applicability of the formula are 
satisfied, the same number of ions come to the central conductor 
per second whether the outer member has charge induced on it 
by the potential gradient or not. Yet we can prove, exactly, as 
in the case of the ion counter that the number of ions entering the 
apparatus is affected by this cause. The actual explanation of the 
phenomenon is to be found in the following facts. We know that 
if we draw the outermost ionic stream lines coming to the central 
conductor, in the case of the Gerdien apparatus, the greater the 
charge on the central cylinder, the greater the cross sectional area 
enclosed by these stream lines. In order that the Gerdien appa- 
ratus shall give the correct result, it is necessary that if we calcu- 
late the stream lines to the central system corresponding to the 
charge distribution on the central cylinder, and then draw in the 
external cylinder of the apparatus this cylinder shall not cut the 
stream lines. 

Now when the conductivity of the negative ions is being meas- 
ured and there is an induced charge of the usual sign on the end of 
the outer cylinder due to the potential gradient, this induced 
charge, as in the Ebert apparatus, reduces the number of ions 
coming per second into the outer cylinder, so that in order for 
this to be consistent with the central system getting the same 
number per second, as if the charge on the outer cylinder were 
absent, it is necessary for the critical boundary to extend, in places 
at least, farther from the central axis. Thus the maximum poten- 
tial which can be used on the central conductor for a given velocity 
is reduced by the presence of the induced charge on the edge of 
the outer cylinder. If the potential used is the maximum in the 
absence of charge on the outer cylinder, then if the same potential 
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be used when the outer cylinder has induced charge upon it, too 
low a value of the conductivity will be obtained. If the potential 
is sufficiently low in both cases the correct values will, of course, 
be obtained. 

With regard to the positive ions, the negative charge on the 
edge of the outer cylinder will, as in the case of the Ebert appa- 
ratus, increase the number of these ions entering by a number 
just equal to that which it afterwards draws to itself. Thus for a 
given air velocity, the maximum potential which can be used is in 
this case not altered by the presence of charge on the outer cylinder, 
for the maximum potential in each case is determined by the 
total number of ions entering the cylinder, which are available to 
go to the central system. 

Dr. C. W. Hewlett has undertaken some experiments to test 
these conclusions, and the results are contained in his paper in 
the present issue of the journal, pp. 219-233. 

The Question of Shielding the Apparatus. 

From the foregoing it will be evident that while the effect of 
the induced charge on the apparatus is not very serious in the 
determination of conductivity by the Gerdien apparatus, it may 
be very serious in the case of the determination of the number of 
ions per c. c. The question then arises as to the desirability of 
shielding the apparatus in the latter case from the effect of the 
potential gradient, for example, by placing the whole instrument 
under a hemispherical wire netting cage. In doing this it must be 
remembered that the cage itself takes an induced charge, owing to 
the action of the potential gradient, and as the effect of this charge 
is of the same kind as the effect of the induced charge on the appa- 
ratus, it becomes necessary before using a cage to inquire whether 
such an arrangement will not introduce as much error in one way 
as it eliminates in another. 

If a uniform field F exists perpendicular to a conducting plane, 
and a hemispherical conductor of radius a is introduced into the 
field so as to rest with its flat surface on the plane, the calculation 
of the resulting field at any point is a simple matter. The field in 
the region bounded by the hemisphere and plane is the same as 
would be due to a conducting sphere of radius a at zero potential 
placed in a uniform field, the plane being absent, for if we obtain 
the solution for this case the symmetry of the induced charge on 
the two hemispheres separated by the plane will obviously result 
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in the potential due to them being zero along the infinite plane 
separating them, so that the introduction of a conducting plane 
in the position of the infinite plane will not alter the solution.' 

The field outside a sphere of radius a under the above condi- 
tions is represented by a doublet with its axis parallel to the uni- 
form field and of moment M such that 

M 

Fa sin ^ + -A: sin ^ = 
a^ 

Where 6 is the complement of the angle made by the radius 
vector froni the center of the sphere with the direction of the 
uniform field, 

Thus M = Fa^ 

Thus in the case of a hemisphere of radius a (Fig. 2) resting on the 

Earth's surface, the field at any point will be a combination of Fand 

the field, due to a doublet of moment Fa'. The force^ at any point 

of the surface of the hemisphere is, of course, perpendicular to the 

2M 
surface, and is equal to — r^ sin ^ + F sin ^ = 3 Fsin 6, 

a' 

Now to fix our ideas, suppose that a breeze is blowing with 
velocity W. The ionic density at all points in the space outside 
the hemisphere is constant.^. Hence if Hq is the ionic density 
some distance from the hemisphere, the flow per second through 
an element ds, situated at a point P on the hemisphere is 
Uq (W^cos yp — 3 Fv sin 0) ds where ^ is the angle made by the wind 
velocity with the radius vector at P. When the ions get inside the 
net their velocity is that of the wind, so that il dh is the projection 
of ds on a plane perpendicular to the wind velocity, the number n 
of negative ions per c. c. inside the net all along the tube of flow 
whose end terminates on ds must be such that 

» It will be obvious that if we can obtain the solution corresponding to any surface of revo- 
lution placed in a uniform field, the solution will also apply to a case where a body obtained by 
symmetrically cutting the surface of revolution in half, rests on a conducting plane. 

* Though the point is not immediately involved in the present correction, it is interesting to 
observe that this result is independent of the size of the hemisphere. If one were measuring the 
I)otential gradient on the top of a hemispherical mountain, and the mountain were very large, 
one might be deceived by the apparent flatness of the top, into considering that the potential- 
gradient would be the same as that over a uniform flat surface, whereas it would, as a matter of 
fact, be three times the value. 

•See reference footnote 2. The statement becomes modified somewhat by the fact that 
even in the absence of the hemisphere the potential gradient itself would result in a variation in 
the ionic density in a manner which would depend on various other factors. It would lead us too 
far afield to attempt to discuss this point at present. The problem which we consider here is one 
where we suppose that there is a definite number of ions per c. c. to be measured. 
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nWdh = «o (^ <^os yj/ — 3 Fv sin 6) ds 

but -J- = cos ^ 
a5 

TT Wo — w 3 Ft; sin 6 

Hence -^ = -^. 

«o W^ cos ^ 

For a case where the wind blows parallel to the Earth's surface, 

yj/ = d and , ^ 

n^-n 3Fi;^ . 
- — = "17^ tan 
no W 

Hence if F is 100 volts per meter and v is l.S cms. per second per 
volt per cm. we have for a case where B = 45°, 



In this case then n Wdh = HqWcosiI/ ds, which since 37^ = cos^ 



fif^— n ___ 4.5 

"^ "■ W 

Hence the error introduced by the net would be inversely propor- 
tional to W, and for a case where 6 is 45° and PT, 1 meter per 
second, the error would be 4.5%, with a potential gradient of 100 
volts per meter. The error in the case of the positive ions would 
be zero, for if o- is the surface density at the point P, the number 
of positive ions attracted per second to the charge on the element 
ds of the surface is (4 7ro-d5) WqI;, i. e. {Fsmdds)nQV. The total 
number striking the element ds is obtained by changing F to —F 
in the expression found above for the corresponding quantity for 
the case of the negative ions. Thus the number passing through 
ds without being caught by the wire is tIqW cos yp ds. 

dh 
ds 
gives n = n^. 

It would thus appear that under ordinary conditions improve- 
ment would be made in the measurement of the number of nega- 
tive ions per c. c. if the observer and the apparatus are completely 
enclosed in an earthed hemispherical wire netting shield. Further 
the shield will not interfere with the measurement of positive ions, 
which measurement, however, is accurate without it. 

The Desirability of Making Atmospheric-Electric 
Measurements on a High Tower. 

Near the surface of the Earth the numbers of ions per c. c. are 
functions not only of the rate of production and rate of recombi- 
nation of the ions, but also of the potential gradient. In the case, 
for example, of an atmosphere in which the specific velocities of 
both kinds of ions are the same (say 1.6 cms. per sec. per volt 
per cm.) and the rate of formation is 11 cms. per c. c. per second. 
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the author has calculated that at a height of 3.5 meters the 
number of negative ions per c. c. should be 0.4 of the number 
at a great height, and the number of positive ions 0.85 of the 
number at a great height,* the potential gradient being sup- 
posed to be 100 volts per meter. The height at which this 
effect of the potential gradient ceases to be of importance de- 
pends on the rate of formation and also on the potential gradien c, 
but it is not great, being usually of the order of 10 or 15 
meters. The actual values are calculated for various cases in 
the paper referred to below.*^ The numbers in this paper, of 
course, are not to be taken as accurately representing the facts, 
in view of the simplifying assumption involved, but they serve to 
indicate that in order to measure for the number of ions per c. c. 
and atmospheric conductivity, quantities which are of funda- 
mental interest, i. e. quantities depending only on the rates of 
production and recombination of ions, the measurements should 
be made some distance above the ground. It may be argued that 
experiment does not show the very marked change of ionic num- 
bers, conductivity, etc., with height in the lower few meters of 
the atmosphere which the simple theory requires. Such approxi- 
mate constancy of the quantities as exist in the lower layers can, 
however, only be considered as being secured by special conditions 
holding near the Earth's surface, for example, an increase in the 
rate of production there, unless, indeed, we are willing to change 
the whole of our notions with regard to the phenomenon of the 
ionization,^ and even though we imagine the uniformity to be 
brought about by air motion, an assumption not unattended with 
considerable difficulties, there remains the fact that measurements 
made some distance above the ground should be to a large extent 
free from these complications. Further, in making measurements 
near the ground the air on which the measurements have been 
made has usually blown against obstacles or through trees, so that 
the quantities which are measured are likely to be controlled 
largely by phenomena of no particular cosmical interest. 

It may be thought that in making measurements on the top of 
a tower the charge on the tower will produce the same kind of 
effects as are referred to above, the difference, however, lies in the 
following. In the case of the air blowing over the Earth's surface, 
if there were at the start a definite number of ions of each kind 

• Terr. Mag. v. 18. 1913. p. 179. 

^ It is hoped to deal with this point more at length in the near future. 
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Fig. 2. 



Fig. 3. 




Fig. 4. 



Fig. 5. 
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per c. c, and if there were no recombinations and reformations of 
ions, a steady state could never theoretically be reached ; the nega- 
tive ions would alw:ays move further and further from the surface. 
In practice, we may consider the steady state as brought about by 
the effects of formation and recombination, whose influence acts in 
the direction of tending to keep the ionic numbers constant. In the 
passage of the air by the tower, however, it is in the vicinity of the 
latter for only a short time, and a steady condition of flow of both 
positive and negative ions would be brought about, even if formation 
and recombination near the tower were zero. Indeed, these quanti- 
ties play an insignificant part in the phenomenon, in view of the 
short time in which the air is in the vicinity of the tower. It is only 
while the ions exist in regions where the field varies that combina- 
tion and reformation play any part in determining the distribu- 
tion of ions. The charge on the tower, of course, would distort the 
paths of the ions, but it would not do so in such a way as to affect 
the measured conductivity. In fact, the remarks we have made in 
reference to the Gerdien conductivity apparatus still apply. It 
may be remarked that if the wind velocity at any point is less than 
the product of the electric force at that point due to the tower, 
into the specific velocity of the negative ions, the negative ions will 
be unable to approach nearer than that point, and the locus of such 
points will divide the space into a regiofi (such as the dotted region 
of Fig. 3 where there is complete saturation, and a region where 
the ionic density is constant). In such a case it would, of course, 
be necessary (in the measurement of A..) to have the instrument 
projecting into regions where the ions are to be found. 

Treating a tower as a vertical semi-ellipsoid of height 25 meters 
and major axis 5 meters, I find that in the case where the normal 
potential gradient is 100 volts per meter, the field at the surface 
of the tower at the top is approximately 48 volts per cm. If the 
specific velocity, of the negative ions is 1.6 cms. per sec. per volt 
per cm., the velocity which the field would produce in the ions 
would be 77 cms /sec; so that a wind of this magnitude would 
be necessary merely to bring the negative ions up to the tower. 
Hence even if we were to build a wire netting dome on the top of 
the tower it would in the above case be necessary for the wind 
velocity to be large compared with 77 cms /sec, in order that 
the density of the negative ions inside the dome should have the 
proper values. There is thus a little difficulty associated with the 
measurement of the negative ionic density on the top of a tower. 
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For the measurements of the number of positive ions and for the 
measurements of conductivity of both signs, however, it would 
seem that more definiteness would be imported into the results - 
by making measurements on a tower than on the surface of the 
ground, especially when in the latter case the place of observation 
is surrounded by trees. 

Appendix, 

In a former paper* the present author has shown that in the 

case of any irregular body charged with Q units of electricity and 

placed in a stream of air, not necessarily of uniform velocity over 

a cross section, —dO , ^ .^. 

— -rf = 47r Qnev (3) 

where n is the number of ions per c. c. of opposite sign to the 
charge Q. Apart from the assumption that the air passes by the 
charged body sufficiently rapidly to allow us to neglect formation 
and recombination of ions, and that we may neglect the electric 
force due to the free charge in the air around the bodies, the only 
condition to be satisfied is the condition that if we trace out the 
• ionic stream lines to the charged body and then follow them back- 
wards we shall find that they go to infinity without striking any 
obstacles. By an ionic stream line at any point, we mean the 
line along which an ion would move (under the combined influence 
of the air and electric force) if placed at that point. This defini- 
tion avoids any confusion which might arise from an argument 
to the effect that the ions must of course always stream around the 
obstacles. By the ionic stream lines, we do not merely mean the 
paths along which ions are to be found moving, but the paths 
which they would take if supplied to the region in question, even 
though there may be no ions there. Thus, suppose, for example, we 
had two conductors A and B, Fig. 4. To fix our ideas, suppose A 
is positively charged, and let the wind blow in the general direc- 
tion of the arrow being modified, of course, near A and B. If the 
velocity of the wind is sufficiently great, the stream lines (the 
term being used in the above sense) of the negative ions corning 
to Ay while they will be modified in shape by B, will not actually 
strike B on being produced back. Some stream lines certainly will 
end on B^^ because the velocity due to the air is everywhere par- 
allel to the surface of B, and the electric force introduces a com- 
ponent which is not parallel to the surface of B. The point is, 
however, that in the case cited in Fig. 4 the stream lines which are 
affected in this way are not those which go to the body A. The 
expression (3) would hold for the body A in this case. In Fig. 5, 
however, we have imagined a case where the air velocity is smaller, 
and it may be that in this case some of the stream lines going 

• Terr. Mag. v. 19, 1914. p. 81. 

• Terr. Mag. v. 19, p. 83. Although in practice there would be saturation along the calcu- 
lated line joining some point b on B to another point a on A, in accordance with the sense in which 
we are using the term stream line, ab is still such a line, because a negative ion placed at b would 
move along ab. 
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to A will be affected so that they end on B, In this case (3) would 
not hold. I have dwelt somewhat at length on this matter in 
order to make quite clear the nature of the restricting condition, 
as it sometimes appears that special cases can be constructed 
which are apparently not in agreement with the general theory of 
the development of (3). Such cases can, of course, only arise by a 
misinterpretation of the conditions. 

In the paper above referred to, the expression (3) was found 
for the case of a single body, since that was all that was necessary 
for the problem in hand. It is easy to see that the proof given 
applies when many bodies are in the field, and that it also applies 
when Q is the charge on only a portion of the body. It may be 
interesting to give a sepaiate proof here, however, for the purpose 
of bringing out these points more clearly. Let us then imagine 
any system of bodies, charged or uncharged. Consider any group 
of stream lines of ions (not of the aii) lovraing a tube and let us 
draw two surfaces ab and cd across the tube. (See Fig. 6.) 



O o- 




Fig. 6. 

If i?K is the electric force resolved perpendicular to any point 
of the closed surface so formed, since we are neglecting the field 
due to the free charge in the air around the bodies, the theorem 

of Gauss tells us that J \ Ryds = 0, the integral being taken all 

over the surface. If n is the number of ions of the sign in question, 
at the initial instant when the bodies were charged n was constant 
throughout all space, so that at this instant 



and consequently 



jJnRyds-=^0 
jfnvRyds = 



(4) 



Now this quantity is the flow of ions per second through our sur- 
face, for if F be the flow in question 



Digitized by 



Google J 



218 W. F, G. SWANN [Vol. XIX. No. 4] 

F=-jf{RyV + Uy) nds 

where m,. is the air velocity resolved perpendicular to the surface 

at any point. Since J J ^y^^ is the very integral which would 

occur for the rate of increase of the air within the surface, we thus 
see that this integral must be zero, so that 

F=J jRyVnds 

thus F = 

There will thus be the same number of ions flowing through the 
surface represented by cd as through that represented by ab. Hence 
since the density of ions is constant along the tube at the initial in- 
stant, it will remain constant at the next instant, and so on, pro- 
vided that tbe tube extends without interruption to infinity, in 
the direction from which the ions are coming. If the tube does 
not extend uninterrupted to infinity there will be an infinitesimal 
region, near its end, where (4) ceases to be true, even at the end of 
the initial instant. This region will extend along the tube at a 
finite rate as time goes on, and in a finite time will extend up to the 
charged body. 

Considering now the particular tube which ends on the portion 
P of the surface, we see that since the component of the air velocity 
perpendicular to the surface is zero, the rate at which ions come 
to the portion P at the initial instant is 



Izf = ^^JJ^^^^' 



dt 

the integral being taken over the portion P. Thus if Q is the 
charge on the part P, 

-T- = 4:irnvj J (rds = 4:irQnv (5) 

Since as we have seen n remains constant provided that the nec- 
essary condition cited above holds, the expression (5) is true for 
all time, and since 

edN -dQ . -dQ . ^ 

— r— = -77^ I we have — yr^ = 4 7r Qnev. 
at at at 

It is further of interest to notice that so long as the boundary 
of the tube coming to P can be produced back to infinity without 
encountering obstacles, the expression holds for the charge coming 
to the portion P, even though the stream lines from other portions 
of the surface of the body A or from the surface of other bodies 
do encounter obstacles on being produced backwards. 

Department of Terrestrial Magnetism, 
Carnegie Institution of Washington, 
October 16, 1914. 
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INVESTIGATION OF CERTAIN CAUSES RESPONSIBLE 

FOR UNCERTAINTY IN THE MEASUREMENT 

OF ATMOSPHERIC CONDUCTIVITY BY 

THE GERDIEN CONDUCTIVITY 

APPARATUS. 

C. W. Hewlett. 

One of the most convenient methods of measuring the atmos- 
pheric conductivity is that due to Gerdien. In this method a 
stream of air is drawn through the space between two concentric 
cylinders, the inner one of which is charged. By observing the 
fall of potential of the inner cylinder in a known time, it becomes 
possible to calculate the conductivity due to those ions which are 
of opposite sign to the charge on this cylinder. Since the theory 
of the instrument, as worked out by Gerdien, postulates certain 
conditions which are not always fulfilled, it becomes desirable to 
see how far violation of these conditions is likely to affect the 
results; this is especially so since the apparatus in its usual form 
is of a convenient general design, is easily transportable, compar- 
atively simple in its action, and is adaptable to measurements of 
conductivity of both signs. 

The effect of the following factors on the observed value of the 
conductivity have presented themselves as necessary of con- 
sideration : 

1. The distribution of the air velocity over the cross section of 
the cylinder. 

2. The function of the funnel. 

3. The value of the potential difference between the inner and 
outer cylinders. 

4. The charge induced on the earthed portions of the apparatus 
by the action of the potential gradient. 

5. The charge borne by the rod which supports the inner cyl- 
inder of the apparatus. 

1. The distribution of the air velocity over the cross section of the 
cylinder. 

Gerdien's investigation of the theory of the apparatus postu- 
lates uniformity of the air velocity over the cross section of the 

219 
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instrument. In order to insure a near approach to this condition, 
a wire gauze of fairly fine mesh is built into the rear end of the in- 
strument just in front of the fan, and the instrument is provided 
with a funnel in front. A more general theory of the instrument^ 
shows, however, that uniformity of the velocity over the cross 
section is unnecessary. In order to investigate this matter experi- 
mentally, it was necessary to produce in some way a velocity dis- 
tribution which was clearly non-uniform, and next to determine if 
the observed conductivity under this condition was different from 
that under the ordinal y conditions. 




Fig. 1. 

Two arrangements of the apparatus were tried. First a card- 
board disc, whose circumference reached half way from the pro- 
jected surface of the inner cylinder to the surface of the outer 
cylinder, was placed centrally against the wire gauze in the appa- 
ratus. A small mirror was suspended successively at four points 
along a horizontal radius of the outer cylinder, and the deflections 
due to the stream of air through the cylinder at these four points 
was noted. The deflections were all small, and the air velocities 
were regarded as proportional to the square root of the deflection. 
In Fig. 1, which is a diagrammatic sketch of the apparatus from 
the front end, the relative values of the air velocity are plotted for 
the various points where observations were made. Considering 
the size of the obstacles, the uniformity of the distribution of the 
velocity seems remarkable. The inner cylinder was then charged 
up to various potentials, the outer cylinder being earthed, and the 

» W. F. G. SwANN, Terr. Mag., v. 19, June, 1914. p. 87. 
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ionic current measured for each case, both with the disc and with the 
apparatus in the ordinary condition. Two series of determinations 
furnished the following results : 

Table I. 



Initial pot. dif. be- Ratio of ionic current 



tween inner and 

outer cylinders 

(volts) 



100 
60 
20 



with disc to that 
without disc 



0.80 
0.90 
0.99 



Since in these experiments the velocity variation over the cross 
section was not very great, it was thought desirable to perform 
experiments in which there was a much more decided variation. 
To this end a half-circle of cardboard was prepared and placed so 
as to cover one-half the gauze. This time the little mirror was 
hung half way between the inner and outer cylinders, and the de- 
flection due to the flow of air was observed with the cardboard 
half-circle covering alternately the right and left-hand halves of 
the gauze. When the half-circle was on the same side as the mirror, 
the latter indicated a velocity about 20% higher than when on 
the other side. The ionic current was then measured with and 
without this obstruction for various values of the potential differ- 
ence between the inner and outer cylinders, just as had been done 
when the disc formed the obstruction. The results obtained are 
given in Table 2. 

Table 2. 



Initial pot. dif. be- 
tween inner and 

(volts) 


Ratio of ionic current 

with disc to that 

without disc 


100 




0.78 


60 




0.87 


20 




0.94 


10 




0.95 
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It appears that with a small potential difference the ratio ap- 
proximates to unity, as would be required by theory. The depar- 
ture of the ratio from unity for higher potential differences is due 
to the fact that the obstacle not only introduces a want of uni- 
formity into the air current, but also reduces the value of the 
maximum potential which it is allowable to use with the apparatus, 
by reducing the air flow. This point will be clear from the follow- 
ing considerations. According to the theory of Gerdien, the ions 
which are drawn to the central cylinder come from a region which 
is bounded by a cylindrical surface. The cross sectional area of 
this surface is inversely proportional to the velocity of the air, 
and direcfly proportional to the potential difference between the 
outer and inner cylinders and to the specific velocity of the ions 
in question. So long as the calculated radius of this cylinder lies 
within the outer cylinder of the apparatus, the current to the 
electroscope is proportional to the potential difference between the 
inner and outer cylinders, and the apparatus measures the true 
conductivity. Directly the potential exceeds this ''critical value*' 
(as I shall call it), the current ceases to increase with the voltage, 
so that if the current were plotted against the potential, the curve 
would slope upwards from the origin, but would show a sudden 
bend at the critical voltage, becoming horizontal beyond this 
point. According to the more general theory given by Swann,* and 
applicable to an air current non-uniform over the cross section, the 
critical boundary would in general be a cylinder of non-circular 




.A 



Fig. 2. 



section, whose cross sectional area was fixed by the condition that 
if W is the total volume of air flowing through it per second, 

W ^ AirCVv 
V being the potential difference between the two cylinders, the 

» Terr. Mag., v. 19, June. 1914. p. 86. 
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specific velocity of the ions, and C the capacity of the system 
exposed to the air current. The condition that the apparatus shall 
give the correct conductivity is that if we calculate the critical 
surface, the latter shall fall wholly within the outer cylinder. 
Diiectly the potential difference becomes higher than the critical 
amount the ratio of the current to the potential difference becomes 
reduced. Only in the case where the critical boundary is a circular 
cylinder concentric with the outer cylinder of the apparatus will 
the current potential curve show a sharp bend at this point, the 
curve becoming horizontal for higher potentials. In the general 
case the curve will bend more gradually, as, for example, in the 
manner represented in Fig. 2,-4. 

We are now in a position to understand the significance of the 
values in Tables 1 and 2. If the obstacle reduces the total air 
flow, the bend will occur for a lower potential difference with the 
obstacle present than with it absent. The two curves should, of 
course, coincide for low potential differences. Thus we should 
expect the two cuives to partake of the general nature indicated 
in Fig. 2, A and B being the curves for the cases without and with 
the obstacle, respectively. The numbeis recorded in the table 
may really be locked upon as the ratio of the ordinates of these 
two curves for the corresponding voltages. We see that the ratio 
should be unity for low potential differences, and should then be- 
come less than unity as the potential difference is increased beyond 
a certain value. As a matter of fact, the ratio should not diminish 
indefinitely, but should eventually become constant. This latter 
period is not brought out by the observations, since they do not 
extend beyond the critical voltage for the curve A . The fact that 
in the case of Table 2 the ratio differs from unity by 5% even for 
potentiaf differences as low as 10 volts is probably due to the ex- 
istence of what amounts to practically a dead space in the vicinity 
of that portion of the inner cylinder near to the card. It must be 
borne in mind that in the case of Table 2 very drastic measures 
were adopted to secure non-uniformity in the air flow over the 
cross section. 

We may therefore conclude that under any conditions likely 
to occur in practice, so far as disturbances in the velocity distribu- 
tion are concerned, there is no direct effect on the observed value 
of the conductivity. If these disturbances are accoAipanied by a 
decrease in the rate of flow of the air through the instrument, then 
it is necessary to use a smaller potential difference between the 
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inner and outer cylinders in order to observe for the conductivity 
a value independent of these accompanying phenomena. The 
important point is, however, that a sufficiently low potential differ- 
ence can always be found. 

Since the original purpose of the funnel on the front end of the 
instrument was to secure uniformity of velocity over the cross 
section, it is interesting in the light of the foregoing to investigate 
its action. 

2. The function of the funnel. 

Contrary to what had been expected, the presence or absence 
of the funnel produced a marked effect upon the observed value of 
the conductivity. The experiments made on the phenomena may 
be considered in two natural divisions. In the first of these the 
apparatus was used just as it had been received from the makers, 
except that the sensitive portion of the scale of the electroscope 
had been altered from the range of 150 to 200 volts to 60 to 100 
volts. In the second division of the work the Wiechert electro- 
scope provided with the instrument was removed and a quadrant 
electrometer used to measure the ionic currents. In the first di- 
vision of the work experiments were made both in and out of 
doors. To eliminate the effect of the charge induced on the earthed 
portions of the apparatus when placed out of doors, the apparatus 
was suspended at a height varying from one to one and a half 
meters, insulated, and brought to the potential of the air around 
it by means of a water-dropper collector. The initial potential 
differences employed between the inner and outer cylinders ranged 
from 65 to 90 volts. In all of these experiments the observed values 
of the conductivity were greater when the funnel was used than 
when it was absent. On an average, the conductivity without the 
funnel was found to be about IS% smaller than with the funnel. 
It becomes important to determine whether this difference dis- 
appears when the potential differences employed are sufficiently 
low. The range available in this division of the work, namely 
that from 65 to 90 volts, failed to indicate the disappearance of 
this difference. Recourse was then had to the employment of the 
quadrant ele'ctrometer, which enabled the use of much smaller 
potential differences between the inner and outer cylinders. One 
of the quadrants was connected to the central cylinder and the 
other one to the case of the instrument, which was insulated and 
charged to a suitable potential by means of a set of Kriiger bat- 
teries. The needle was, of course, raised to a potential of about 
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100 volts above that of the case. In performing the experiment 
the two quadrants were first connected together and the one con- 
nected to the central cylinder was then disconnected from the 
other. The electrometer then started to deflect at a rate propor- 
tional to the current entering the central cylinder. All of the 
second division of this work was carried on with the apparatus 
indoors. Two series of experiments gave the following results: 

Table 3. 
first series 



Pot. dif. between 

inner and outer 

cylinders 



I Ratio of conductivity 
I without funnel to 
that with funnel 



120 volts 


0.87 


90 volts 


0.93 


50 volts 


0.96 


20 volts 


1.00 


10 volts 


1.00 


SECOND 


SERIES 


100 volts 


0.89 


70 volts 


0.94 


50 volts 


0.98 


vSO volts 


0.96 


10 volts 


0.98 



It thus appears that with small enough potential differences, 
say around 20 volts, the observed conductivity will be the same 
whether the funnel is used or not. It might be thought that the 
above results are to be explained on the basis that in the absence 
of the funnel the air flow is materially reduced. In order to test 
whether this was so, the inner cylinder was removed from the ap- 
paratus, and the distribution of the air velocity explored over the 
cross section of the cylinder by means of an arrangement much 
like the one described a few pages back, both with and without 
the funnel. This work showed that the rate of flow of the air 
through the cylinder was not appreciably different in the two cases. 

3. The value of the potential difference hetiveen the inner and 
outer cylinders. 

The question of the critical potential difference has already 
been discussed on page 222. The critical potential is directly pro- 
portional to the velocity of the air and inversely proportional to 
the specific velocity of the ions. It is also directly proportional to 
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the cross sectional area between the concentric cylinders. In the 
present apparatus, in which the fan driving the air through the 
cylinder is driven by a clockwork, it is not easy to regulate the 
velocity of the air current. Hence it comes about that the poten- 
tial difference must be chosen so low that the necessary condition 
is fulfilled. At first sight it would seem that a simple calculation 
would furnish the critical potential difference. Very little is known, 
however, about the relative proportions of the different kinds of 
ions in the atmosphere, and moreover, as we shall see presently, 
there is another factor which produces an indirect effect by de- 
creasing the effective diameter of the outer cylinder for one sign of 
ions. It therefore becomes necessary to carefully investigate this 
critical potential difference experimentally. 

A consideration of the phenomena easily makes it apparent 
that if one is observing above the critical potential difference, the 
effect of this error would be to give too small a value for the con- 
ductivity, while as the potential difference was decreased the ob- 
served value of the conductivity would increase till the critical 
potential difference was reached, when it would remain constant 
for further decreases of the potential difference. The above would 
be true if all the ions concerned had the same specific velocity. 

The results of the present experiments have shown that the 
critical potential difference is a widely-variable quantity. The 
writer observed this phenomenon on the second cruise of the 
Carnegie, when it was found that the observed value of the con- 
ductivity was frequently much greater for small potential differ- 
ences than for larger ones, even when the largest potential differ- 
ence was much smaller than the value previously assumed to be 
permissible. 

As will presently be seen, the charge induced on earthed por- 
tions of the apparatus due to the action of the potential gradient 
affects the value of the critical potential difference, but that the 
variations of the latter from time to time were not entirely due to 
this cause was shown by the fact that when the induced charge 
was eliminated by insulating the apparatus and bringing it to the 
potential of the air around, the variations from time to time were 
still found. Moreover, this variation was observed for both posi- 
tive and negative ions, which would not be the case if the phenom- 
enon was entirely due to the induced charge on the apparatus. 
Further, experiments made inside the laboratory showed the same 
variation of the critical potential difference. On one or two occa- 
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sions it appeared that potential diflferences as high as 200 volts 
did not exceed the critical value, while on others, even when the 
apparatus had no induced charge on it, it appeared that 80 volts 
was too high. The only explanation which at present seems 
plausible is that there are many classes of ions in the atmosphere, 
with widely varying specific velocities, and that the relative pro- 
portions of the quantities of these various classes of ions vary 
greatly from time to time. This view is borne out by the fact that 
the current potential difference curve does not correspond with 
the simple form just described, but is slightly convex upward. 
The results of two series of experiments chosen at random from 
the work give for the negative conductivity: 

Table 4. 



Potential difference 

between inner and 

outer cylinders 


94 volts 


73 volts 


X-X104 


0.48 


0.53 



For the positive conductivity, the results gave: 

Table 5. 



Potential difference 

between inner and 

outer cylinders 


86 volts 


68 volts 


"X^ X 10* 


0.66 


0.84 



Two more series, in which the sign of the conductivity de- 
termined was not noted gave the following quantities: 

Table 6. 



Potential difference be- 


' 


Potential difference be- 




tween inner and 


X relative 


tween inner and 


X relative 


outer cylinders 




outer cylinders 




(volts) 




(volts) 




100 


32 


100 


40 


90 


33 


120 


38 


80 


32 


140 


37 


70 


32 






60 


33 







The uncertainty in the value of the critical potential difference 
is seen to be great. Judging from the results of this investigation, 
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it is to be recommended that in order to be on the safe side, one 
should never use potential diflferences greater than 60 volts with 
the present dimensions of the apparatus. The procedure recom- 
mended is usually impossible with Wiechert electroscopes as generally 
supplied. It has been the experience of the writer that when using 
an electroscope, a more convenient form is the Wulf bifilar instru- 
ment in the form made up by Giinther and Tegetmeyer. In this 
instrument the outer case encloses an inner case insulated from it. 
By means of a battery of small Weston cells of about 70 volts con- 
nected to the inner case of the electroscope the fibers of the latter 
are deflected into such a region when the difference of potential 
between the inner and outer cylinders is zero, that when the differ- 
ence of potential is about 60 volts the fibers are deflected into their 
positions of maximum sensibility. A Wulf quartz fiber electro- 
scope was fitted in this way to an apparatus which is being used 
at present on the Carnegie. Reports from the ship indicate that 
the new arrangement is much more satisfactory than the old, 
where the Wiecheit electroscope was used. 

4. The charge induced on the earthed portions of the apparatus 
by the action of the potential gradient. 

When the apparatus is placed upon an earthed stand it be- 
comes necessary for the outer cylinder to take a charge in order 
to maintain its parts at zero potential in opposition to the influence 
of the potential gradient. This charge distorts the paths of the 
ions as they come to the apparatus, and in so far as it modifies the 
number which enter the outer cylinder, it is conceivable that the 
conductivity might be altered thereby. The effect of the phe- 
nomenon has been considered theoretically by W. F. G. Swann,' 
and it turns out that the eff^ect is simply to lower the critical volt- 
age which may be employed with the instrument when the con- 
ductivity measured is that of the ions of like sign to the charge 
induced on the apparatus. In the case of the ions of opposite 
sign, while the paths of the ions are affected by the charge on the 
earthed portions of the apparatus, neither the conductivity nor 
the critical voltage are altered thereby. Thus if the potential 
difference being used is just equal to the critical value when there 
is no charge on the earthed portions of the apparatus, then when a 
charge is placed on the apparatus, the observed value of the con- 
ductivity should be smaller than before, when using ions of the 
proper sign. On account of the variations to which the critical 

« Terr. Mag., v. 19. Dec.. 1914, pp. 205-218. 
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potential difference is subject, the latter proposition is one easier 
to verify experimentally than the former of determining the rela- 
tion between the critical voltage and the charge on the outer 
cylinder. 

Various confirmations of these theoretical conclusions have 
been obtained. Preliminary experiments in the laboratory showed 
that when the outer case and cylinder of the apparatus were 
earthed and charged to —120 volts the observed value of the 
conductivity due to the positive ions was the same as was observed 
with the case and outer cylinder earthed, while only —92 volts 
served to produce a marked decrease in the negative conductivity; 
— 800 volts served to prevent any negative ions from entering the 
instrument. In order to test the effect of the induced charge due 
to the potential gradient, the apparatus was taken out of doors 
and suspended from a steel wire at a height of from one to one and 
a half meters above the ground. The apparatus was insulated, 
but could be earthed at will. Alternate determinations of the 
conductivity were then made with the apparatus earthed and in- 
sulated, in the latter case the instrument being kept uncharged 
by the action of a water-dropper placed on it. The result of three 
series of determinations on three successive days is given by the 
following data : 

Table 7. Conductivity (E. S. U. X 10*). 



Negative ions for 
case and outer cylinder 


Positive ions for 
case and outer cylinder 


earthed 


insulated and 
uncharged 


earthed 


insulated and 
uncharged 


0.39 


0.50 


0.53 


0.55 



The potential gradient was positive on these three occasions, 
and varied between 40 and 100 volts per meter. The potential 
difference between the inner and outer cylinder was in the neigh- 
borhood of 90 volts during these three series. The conclusions 
previously stated are evidently well confirmed by these experi- 
ments. We may conclude that under the conditions stated for 
these experiments, the induced charge on the earthed portions of 
the instrument will cause the observed value of the conductivity 
for the ions of the same sign as that of the charge on the appa- 
ratus to be 12 per cent less than that observed when the instrument 
7 
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is uncharged, while no effect will be produced on the observed 
value of the conductivity for the ions of the other sign. 

Of course the conditions of the experiment are not the same as 
those under which the conductivity is ordinarily determined. In 
order to see if these same relations hold under the usual conditions 
of observation, a table with a box on it (the box was used to reach 
the instrument in the position in which it had been used) was 
placed under the apparatus so as almost to touch its bottom. 
The conductivity was then observed in the same way as before; 
that is, with the apparatus earthed, and with the apparatus in- 
sulated and the water-dropper operating. Control experiments 
were interspaced between the various series of experiments by re- 
moving the table to a distance and observing as before. With the 
table under the apparatus the mean values of the observed quanti- 
ties were as follows : 

Table 8. Conductivity (E. S. U. x 10*). 



Negative ions for 
case and outer cylinder 


Positive ions for 
case and outer cylinder 


earthed 

• 


insulated and 
uncharged 


earthed 


insulated and 
uncharged 


0.57 


0.56 • 


0.61 


0.58 



In these experiments the potential gradient varied from 30 to 
75 volts per meter, while the potential difference between the inner 
and outer cylinders was in the neighborhood of 90 volts. The 
control experiments mentioned showed the same phenomena as 
the similar experiments had shown previously, and further that 
the values of the positive and negative conductivities when the 
apparatus was insulated and uncharged in the control experiments 
► was the same as the corresponding values found in the observa- 
tions made with the table under the apparatus. The results show 
that with the table under the apparatus the same conductivity is 
observed whether the apparatus is earthed or whether it is insulated 
and uncharged. This is easily reconcilable with the views stated 
in regard to the effect of the charge on the earthed portions of the 
apparatus, since the presence of an earthed table under the appa- 
ratus has the same kind of effect as that of lowering the apparatus 
so as to rest on the ground. 

We may therefore conclude that when the Gerdien conductivity 
apparatus is mounted out in the open on a table of ordinary height. 
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and when the value of the potential gradient is not greater than 
about 100 volts per meter, the induced charge of the earthed por- 
tions of the apparatus do not appreciably affect the observed value 
of the conductivity. Should the potential gradient be of an ex- 
traordinary high value, however, it would be better, in order to be 
on the safe side, either to mount the apparatus out of the influ- 
ence of the earth's field or to insulate the instrument and keep it 
discharged by means of a water-dropper. Usually, however, it is 
sufficient to make certain that the charging potential used is 
sufficiently low. 

5. The charge taken by the rod supporting the apparatus, 
Gerdien*s formula is based on the assumption that the appa- 
ratus can be treated as two concentric cylinders. The ions col- 
lected by the supporting rod are thus not accounted for. A more 
complete theory shows that the correct value of the conductivity 
would be obtained if the expression which figures in Gerdien's 
calculation as the capacity of the concentric cylinders were replaced 
by the measured capacity of the portion of the apparatus exposed 
to the air current.* Eight determinations of the capacity of the 
portion of the apparatus exposed to the air current were made, 
giving a mean value of 5.94 cms., the greatest difference of any one 
measurement from this value amounting to 4.5%. The calculated 
capacity of the system treated as two concentric cylinders amounts 
to 4.86 cms. Hence, conductivities calculated by Gerdien*s formula 
would, for the present apparatus, be too low by about 22% of their 
value. 

As a confirmation of the view that the rod really does collect 
an appreciable fraction of the ions, an experiment was carried out 
to test this point directly. The method adopted was as follows: 
The supporting rod and inner cylinder were separated, and the 
inner cylinder was supported by two silk fibers, one attached to 
each 6nd. The inner cylinder was allowed to touch the support- 
ing rod, and was charged to a certain convenient potential, V^, 
The inner cylinder was then lifted from contact with the support- 
ing rod, and an earthed metal shield carefully introduced between 
the two without touching the supporting rod. The inner cylinder 
was then earthed and insulated by supporting it by the silk fibers, 
and the shield was removed. The inner cylinder was then allowed 
to again come in contact with the supporting rod. The potential 
fell to a new value V^, If Q^ was the charge on the electroscope 
and supporting rod when the potential was Fq, and if K was the 

* Terr. Mag., v. 19. June, 1914, p. 86. 
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capacity of the electroscope, supporting rod, and inner cylinder, 
we have 

The apparatus was then again charged to potential F^, and by 
lifting on one of the silk fibers the inner cylinder was lifted a short 
distance off the supporting rod. The fan of the apparatus was 
then started and the air allowed to flow as in an experiment to 
determine the conductivity. At the end of a certain length of time 
the inner cylinder was again raised, the shield inserted, the inner 
cylinder earthed, the shield taken out, and finally the inner cylin- 
der again allowed to touch the supporting rod. The potential F, 
was then read on the electroscope. If ft was the charge pn the 
electroscope at the end of the time during which the air had flowed 
through the instrument, then 

The total change of charge on the electroscoj>e and supporting rod 
during this interval is given by: 

K{V,-V,) 
and after coirecting for the leak, we have the ionic charge which 
had gone to the supporting rod. An experiment was then made 
to determine the total amount of charge taken by the whole appa- 
ratus under the same conditions as existed in the experiment just 
described. Finally the ratio of the charge taken by the supporting 
rod to that taken by the whole of the portion of the apparatus 
exposed to the air current was deduced. The difficulties attending 
the operations of dealing with the small charges involved were 
great, especially as the operations involved connecting and sep- 
arating the various parts with the charges on them. The results 
consequently varied widely, but the mean of a large number of 
determinations gave about 14% for the required ratio. Hence, 
according to this the charge taken by the rod would amount to 
about 16% of the charge taken by the cylinder alone. The value 
16% does not agree very well with the 22% found above, but on 
the one hand the quantities are not strictly comparable, and on 
the other, the difficulties attending the measurements of the 
charges going to the separate portions of the apparatus are such 
that the value 16% found above can hardly be considered more 
than an indication of the fact that the supporting rod really does 
take a large percentage of the charge. In fact, some experiments 
gave values as high or higher than 22%. As there was little to be 
gained by refining the method of procedure to obtain a better 
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agreement between these quantities, the experiments were not 
pursued further. A more important consideration is the question 
as to whether in view of the large number of ions collected by the 
rod, an appreciable uncertainty may arise from the fact that the 
ionic stream lines to the lower portion must be interfered with by 
. the outer cylinder.* Special experiments were made to test this 
point, and it was found that any error arising from this cause was 
too small to be appreciable in the observations. 

Summary, 

1. Modifications in the distribution of the air velocity through- 
out the space between the cylinders of the Gerdien conductivity 
apparatus can affect the observed value of the conductivity only 
indirectly, by entailing a decrease in the rate of flow of air through 
the instrument. The results of such effects can be eliminated by 
using a sufficiently small difference of potential between the inner 
and outer cylinders. The only effect of the funnel is to raise the 
value of the critical voltage. 

2. The critical difference of potential (defined in the discus- 
sion) between the inner and outer cylinders has been found to 
vary considerably. It appears probable at present that this is to 
be explained by variations in the relative quantities of the various 
classes of ions in the atmosphere. To be on the safe side, the 
difference of potential between the inner and outer cylinders should 
not be greater than about 60 volts. 

3. The charge induced on the earthed portions of the apparatus 
can, under certain conditions, greatly affect the conductivity for 
the ions of like sign to this charge, while the conductivity for the 
ions of the other sign is unaffected by this charge. Under ordinary 
conditions of experiment, however, when the value of the potential 
gradient is not greater than 100 volts per meter the effect is negli- 
gible. When the potential gradient is very high, as sometimes hap- 
pens, it is quite possible that this may make the negative conduc- 
tivity appear too high without affecting the positive conductivity. 
This might account for some of the exceedingly high values which 
have been found for the ratio of the positive to the negative con- 
ductivity, nearly always simultaneously with high values of the 
potential gradient. When the potential gradient is very high the 
apparatus should be insulated, rather than earthed, and kept un- 
charged by means of a water dropper placed on it. 

4. It has been experimentally shown that the supporting rod 
is responsible for the collection of a fairly large fraction of the 
ions which come to the whole system, but any uncertainty as to 
the behavior of the portion of the rod near the outer cylinder is of 
minor importance. 

Department of Terrestrial Magnetism, 
Carnegie Institution of Washington, 
October 10 1914. 
» Terr. Mag., v. 19. June. 1914. p. 88. 
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July 28 


73 28 N 


16 04 E 


- 7.1 


- 6.9 


- 6.7 




-0.2 


-0.4 




28 


73 44 N 


16 01 E 


- 7.2 


- 7.1 


- 6.9 




-0.1 


-0.3 




30 


74 28 N 


16 44E 


- 6.6 


- 6.6 


- 6.3 




0.0 


-0.3 




31 


75 07 N 


16 15 E 


- 7.7 


- 7.0 


- 6.7 




-0.7 


-1.0 




Aug. 1 


76 10 N 


15 14 E 


- 8.6 


- 7.5 


- 7.7 




-1.1 


-0.9 




1 


77 17 N 


12 13 E 


-11.9 


- 9.1 


-10.3 




-2.8 


-1.6 




2 


78 06 N 


9 HE 


-14.4 


-12.2 


-13.0 




-2.2 


-1.4 




4 


79 28 N 


10 22 E 


-14.3 


-11.2 


-12.1 




-3.1 


-2.2 




4 


79 13 N 


10 28 E 


-14.4 


-11.3 


-12.1 




-3.1 


-2.3 




5 


78 50 N 


8 49E 


-16.2 


-12.4 


-13.3 




-3.8 


-2.9 




8 


76 53 N 


4 OOE 


-18.5 


-15.9 


-17.0 




-2.6 


-1.5 




12 


69 33 N 


6 26W 


-24.7 


-23.1 


-24.1 


-'24.0 


-1.6 


-0.6 


-617 


12 


68 38 N 


7 03W 


-23.9 


-23.4 


-24.0 


-24.1 


-0.5 


+0.1 


+0.2 


13 


67 25 N 


7 12W 


-24.6 


-23.4 


-23.8 


-23.1 


-1.2 


-0.8 


-1.5 


13 


66 29 N 


5 43W 


-23.5 


-22.3 


-22.4 


-22.5 


-1.2 


-1.1 


-1.0 


16 


66 21 N 


7 23W 


-23.3 


-23.3 


-23.6 


-23.5 


0.0 


+0.3 


+0.2 


17 


65 22 N 


8 13W 


-24.3 


-23.6 


-23.8 


-23.8 


-0.7 


-0.5 


-0.5 


18 


65 13 N 


8 45W 


-24.4 


-23.8 


-24.1 


-24.2 


-0.6 


-0.3 


-0.2 


18 


64 34 N 


8 43W 


-24.5 


-23.7 


-23.7 


-24.0 


-0.8 


-0.8 


-0.5 


20 


63 56 N 


11 26W 


-27.1 


-25.0 


-25.5 


-25.4 


-2.1 


-1.6 


-1.7 


21 


63 30 N 


13 54W 


-27.6 


-26.4 


-26.3 


-26.5 


-1.2 


-1.3 


-1.1 


21 


63 25 N 


14 28W 


-27.5 


-26.7 


-27.4 


-27.0 


-0.8 


-0.1 


-0.5 


21 


63 17 N 


15 23W 


-28.9 


-27.2 


-27.9 


-27.4 


-1.7 


-1.0 


-1.5 


23 


63 39 N 


22 56W 


-33.4 


-33.2 


-33.4 


-33.6 


-0.2 


0.0 


+0.2 


23 


63 55 N 


23 06W 


-35.1 


-33.6 


-34.0 


-34.0 


-1.5 


-1.1 


-1.1 


23 


64 01 N 


22 54W 


-33.9 


-33.6 


-34.0 


-33.9 


-0.3 


+0.1 


0.0 


Sept. 15 


61 00 N 


30 low 


-36.7 


-37.0 


-36.6 


-37.7 


4-0.3 


-0.1 


+ 1.0 


15 


60 09 N 


32 04W 


-37.2 


-37.6 


-37.4 


-38.6 


+0.4 


+0.2 


+ 1.4 


16 


58 45 N 


35 43W 


-38.2 


-38.6 


-38.5 


-39.8 


+0.4 


+0.3 


+ 1.6 


16 


58 18 N 


37 51W 


-38.1 


-39.3 


-39.3 


-40.4 


+ 1'.2 


+ 1.2 


+2.3 


17 


58 12 N 


40 12 W 


-38.7 


-40.2 


-40.3 


-41.2 


+ 1.5 


+ 1.6 


+2.5 


17 


58 10 N 


41 16W 


-39.3 


-40.7 


-40.8 


-41.5 


+ 1.4 


+ 1.5 


+2.2 


18 


58 08 N 


43 38W 


-39.6 


-41.4 


-41.8 


-42.2 


+ 1.8 


+2.2 


+2.6 


19 


58 17 N 


50 25W 


-43.0 


-43.0 


-44.0 


-43.9 


0.0 


+ 1.0 


+0.9 


20 


58 42 N 


52 53W 


-44.8 


-43.7 


-44.9 


-44.6 


-1.1 


+0.1 


-0.2 


22 


54 44 N 


52 35W 


-40.3 


-37.5 


-39.4 


-39.5 


-2.8 


-0.9 


-0 8 


22 


54 29 N 


52 22W 


-39.4 


-37.2 


-38.9 


-39.2 


-2.2 


-0.5 


-0.2 


23 


53 40 N 


50 43W 


-36.9 


-36.5 


-37.6 


-38.5 


-0.4 


+0.7 


+ 1.6 


25 


51 34 N 


49 03W 


-34.3 


-33.2 


-34.6 


-35.1 


-1.1 


+0.3 


+0.8 


27 


49 43 N 


48 02W 


-32.6 


-32.5 


-32.7 


-32.5 


-0.1 


+0.1 


-0.1 


28 


49 20 N 


47 25W 


-32.3 


-32.1 


-32.3 


-32.1 


-0.2 


0.0 


-0.2 


28 


48 41 N 


47 23W 


-31.5 


-31.6 


-31.6 


-31.5 


+0.1 


+0.1 


0.0 


29 


47 25 N 


48 18W 


-30.3 


-29.9 


-30.0 


-29.9 


-0.4 


-0.3 


-0.4 
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-28.9 


-0.6 


-0.6 


-0.7 


30 


46 59 N 


50 52W 


-29.4 


-29.2 


-29.1 


-29.0 


-0.2 


-0.3 


-0.4 


Oct. 1 


46 33 N 


50 46W 


-29.0 


-28.6 


-28.6 


-28.5 


-0.4 


-0.4 


-0.5 


1 


46 01 N 


50 54W 


-28.7 


-28.1 


-28.0 


-27.9 


-0.6 


-0.7 


-0.8 


2 


45 14 N 


52 24W 


-27.5 


-26.9 


-26.7 


-26.3 


-0.6 


-0.8 


-1.2 


2 


44 56 N 


53 22W 


-27.2 


-26.3 


-26.4 


-25.7 


-0.9 


-0.8 


-1.5 


3 


44 01 N 


56 16W 


-25.0 


-24.5 


-24.6 


-24.0 


-0.5 


-0.4 


-1.0 


3 


43 27 N 


57 16W 


-24.0 


-23.7 


-23.7 


-22.9 


-0.3 


-0.3 


-1.1 


4 


43 28 N 


57 40W 


-23.8 


-23.5 


-23.6 


-22.6 


-0.3 


-0.2 


-1.2 


4 


43 02 N 


58 55W 


-23.0 


-22.5 


-22.5 


-21.5 


-0.5 


-0.5 


-1.5 


5 


42 50 N 


59 57W 


-22.5 


-21.8 


-21.8 


-20.7 


-0.7 


-0.7 


-1.8 


5 


42 57 N 


60 35W 


-21.8 


-21.7 


-21.5 


-20.5 


-0.1 


-0.3 


-1.3 


6 


42 22 N 


63 31W 


-20.1 


-19.4 


-19.1 


-18.8 


-0.7 


-1.0 


-1.3 


6 


42 18 N 


63 47W 


-18.8 


-19.1 


-18.8 


-18.5 


+0.3 


0.0 


-0.3 


7 


41 45 N 


65 39W 


-17.2 


-17.3 


-16.9 


-16.6 


+0.1 


-0.3 


-0.6 


7 


41 34 N 


66 22W 


-16.8 


-16.6 


-16.4 


-16.1 


-0.2 


-0.4 


-0.7 


8 


41 37 N 


66 45W 


-16.2 


-16.4 


-16.2 


-15.8 


-hO.2 


0.0 


-0.4 


8 


41 20 N 


66 37W 


-16.5 


-16.2 


-16.1 


-15.7 


-0.3 


-0.4 


-0.8 


9 


40 58 N 


68 low 


-15.0 


-14.9 


-14.8 


-14.3 


-0.1 


-0.2 


-0.7 


10 


40 52 N 


69 08W 


-14.3 


-14.1 


-14.1 


-13.3 


-0.2 


-0.2 


-1.0 


10 


40 52 N 


70 06W 


-13.1 


-13.2 


-13.2 


-12.1 


+0.1 


+0.1 


-1.0 


11 


41 09 N 


72 OIW 


-11.2 


-12.0 


-11.6 


-11.0 


+0.8 


+0.4 


-0.2 


20 


41 ION 


72 21W 


-11.8 


-11.9 


-11.4 


-11.0 


+0.1 


-0.4 


-0.8 


21 


40 59N 


73 22W 


-11.0 


-11.2 


-10.8 


-10.3 


+0.2 


-0.2 


-0.7 



LETTERS TO EDITOR 



PRINCIPAL MAGNETIC STORMS RECORDED AT THE CHELTEN- 
HAM MAGNETIC OBSERVATORY, JULY 1 TO 
SEPTEMBER 30, 1914. 

Latitude SS*" 44'. N; Longitude 76'' 50'. 5, or 5^ 07.^4 W. of Greenwich. 
Greenwich Mean Time i Range 




1914 h m I 1914 h 

July 5, 1 27 I July 6, 4 20.3 

July 28. 19 44 July 31, 24 | 29.8 



7 
156 
139 



7 
52 
58 



O. H. TiTTMANN, Superintendent, 
Coast and Geodetic Survey. 



George Hartnell, Observer-in- Charge. 
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UMBAU AN DEM SCHULZE'SCHEN D-VARIOMETER DES 
OBSERVATORIUMS IN TSINGTAU. 

Das Z>- Variometer des hiesigen Observatoriuras besitzt die in Fig. i 
schematisch gegebene Optik. L ist die Linse, die den Spalt der Regi- 
strierlampe auf die Walze abbildet, B der feste Basis-Spiegel, 5" der sich 
mit der Nadel bewegende Spiegel, P zwei iibereinander stehende Pris- 
men, die getrennt von aussen justiert werden konnen. Der Gang der 
Lichtstrahlen ist aus der Figur zu ersehen. Die Brennweite der I^inse 
ist so gewablt, dass auf dem Papiere i mm. einem dD von einer Bogen- 
minute entspricht. In flfKumgerechnet ist dies fur Tsingtau rund 8. 957. 
Das Instrument ist demnach reichlich unempfindlich. Voriibergebend 
wurde die Empfindlichkeit erhoht gelegentlich der Scbnellregistrie- 
rungen, die das hiesige Observatorium gemeinsam mit denen in Samoa, 
Batavia, Cheltenham und Potsdam ausfiihrte. {c.f. G. Angenheister Ueber 
die Fortpflanzungsgeschwindigkeit magnetischer Storungen und Pulsa- 
tionen.) Es geschah dies seiner Zeit durch Einlegen von Hiilfsmagneten. 





Fig. 1. 



Fig. 2. 



Diese Methode hat den Nachteil, dass man in den Registrierraum Mag- 
nete bringt, deren Einwirkung auf die anderen Variometer nicht ganz 
zu vernachlassigen ist, und dass das /^-Instrument selbst in der Empfind- 
lichkeit und im Basiswerte von der Temperatur abhangig wird. Es 
wurde daher die Empfindlichkeit optisch gesteigert durch doppelte Re- 
flexion am beweglichen Spiegel. Der Umbau war leicht zu bewerkstel- 
ligen. Der Spiegel wurde um 45° gegen die Nadel gedreht und die der 
lyinse zugekehrte Kathete des unteren Prismas versilbert. Schematisch 
zeigt Fig. 2 das umgebaute Instrument, das obere Prisma seitwarts ge- 
zeichnet. Es existieren drei Strahlengange fiir die Registrierung : Die 
am beweglichen Spiegel mit Hiilfe des unteren Prismas doppelt re- 
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flektierten Strahlen, die vom beweglichen Spiegel durch das obere Prisma 
und die vom oberen Prisma durch den Spiegel in den Registrierapparat 
gelangenden Strahlen. . Die beiden Lichtpunkte mit einfacher Empfind- 
lichkeit registrieren mit verschiedenen Vorzeichen. Von ihnen wird 
hier derjenige zum Registrieren benutzt, der mit anderem Vorzeichen 
arbeitet als der doppelt empfindliche Lichtpunkt. 1st A die Ordinate 
der mit einfacher, D2 die der mit doppelter Empfindlichkeit registrierten 
Kurve, so ist A — A == 3 X dD und 2/3 Z>, + 1/3 D^ ist eine fiir beide 
Kurven gleiche virtuelle Basis, die gelegentlich gute Dienste leisten kann. 
Tsingtau, 1914, Juli p. B. Meyermann. 
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